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CHAPTER I 

THE NATURE AND PURPOSE OF STATISTICS 

According to a memorandum prepared by a committee of the 
Royal Statistical Society,^ ‘the science and methods of statistics 
in, the modern sense range from the mere recording and tabu- 
lation of numerical data to subtle processes of inductive reason- 
ing based on the mathematical theory of probability’. To allay 
any fears that may be aroused in the reader’s mind, it can be 
stated that this study stops well before the latter stage. Statistics 
as defined in the latter part of the above quotation is a relatively 
recent development. Most of the significant advances in statis- 
tical techniques are little more than SO years old, and recent years 
have witnessed a substantial expansion in the employment of 
statistical techniques in industry. The term statistician has until 
recently been very widely defined, the more so since there existed 
no recognised professional statistical qualification. In lieu 
thereof, graduates with degrees in mathematics or economics 
with some training in statistics formed the main source of 
statistical workers. Since the war, however, a new body, the 
Association of Incorporated Statisticians, has established such 
a qualification while the universities are extending the scope 
and scale of their teaching and granting degrees in which 
Statistics is the dominant, i.e. honours, subject. The undoubted 
importance of statistics is reflected in the large number of pro- 
fessional bodies which set a paper in statistics at some stage of 
their qualifying examinations. For this purpose, the student is 
required to learn the basic ideas and principles of the subject and 
it is, in the main, with such fundamentals that this book is con- 
cerned. 

Definitions of ‘Statistics’ 

The term ‘statistics’ is somewhat loosely employed to cover 
two separate concepts; (1) descriptive statistics; (2) stotistical 
methods. ‘Descriptive statistics’ covers the collection and sum- 
maries of numerical data, popularly known as the ‘facts*. 

1 Memoraud <m Official Statistics. By a committee of the Council of the Royal Sutistical Society. 
1943 . 
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Examples of this type of statistic are encountered every day in 
the national Press; one reads, for example, that the ‘total work- 
ing population of Great Britain at end February 1958 was some 
24*1 millions of whom 16*2 millions were male and 7*9 millions 
female’. Figures relating to United Kingdom overseas trade and 
balance of payments appear regularly in the press. For example: 
‘total imports in March 1958 amounted to £320,959,138 com- 
pared with exports during that month of £294,210,055, so that 
for March there was an excess of total imports over total exports 
of £26,749,083’. 

In the illustrations given above, the number of workers in 
Great Britain was given to the nearest hundred thousand, where- 
as the trade figures were stated to the nearest £. Actually, it would 
have been possible to have given the exact number of male and 
female workers in Great Britain as counted by the Ministry of 
Labour, just as it would have been quite permissible to give the 
trade figures in round millions. Two considerations determine 
the form in which such data are presented. First, and less im- 
portant, is the purpose to which the figures are to jje put; for 
simple comparisons it is often sufficient to state, e.g. ‘in 1957-58 
the United Kingdom government collected over £5,340 million 
of revenue as against £5,160 million in 1956-7’. The significant 
fact here is that tax revenues have risen substantially, not their 
precise yields to the nearest pound. 

The second consideration is more important. How reliable are 
the figures themselves ? Descriptive statistics are very often not 
exact or accurate in the arithmetic or accounting sense. Some 
data may be; for instance in Great Britain the number of Civil 
Servants and their salaries can be given precisely, but on the 
other hand no one can state exactly how many people there are 
in Great Britain at any date. This is true even for the census day 
itself, because errors due to omissions and miscountings are in- 
evitable when enumerating some 50 million people living in 
nearly 14 million households. An exact figure is certainly not 
possible several years after that date, although the registration 
system, which should record every birth and death between the 
censuses, is very efficient. In any case, the figures for emigrants 
from and immigrants into the United Kingdom, are only esti- 
mates. However, since statistics is concerned mainly with large 
aggregates, exactness to the nearest ton, person, penny or any 
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Other unit of measurement is, in most instances, quite un- 
necessary and, it must frankly be admitted, usually quite un- 
attainable. The unemployment figures, for example, are given to 
the last unit, i.e. 472,618 persons were unemployed in February 
1958. This is unquestionably an underestimate since a number of 
individuals temporarily unemployed would not yet have regis- 
tered with the local labour exchange and would be excluded from 
this total. Consequently, the above statement normally reads 
‘472,618 persons were registered as unemployed . . .’, in other 
words, the figure is dependent on the fact of registration. Thus, 
while it is perfectly all right to give an exact figure in such cases, 
it should not be forgotten that the appearance of accuracy can 
be misleading, especially if for some reason the registration 
system is at all unreliable or temporarily affected by extraneous 
factors. It is far more important, when handling and studying 
statistical data, to ensure that the source of the original data is 
reliable and that the data collected are relevant to the question to 
which an answer is sought. Whenever any statistics are con- 
sulted, the first question is not, ‘To what unit or place of decimals 
are these figures reliable?’ but ‘Where were the figures obtained, 
by whom, and why?’ If satisfactory answers to these questions 
can be given, few qualms as to the reliability of that data need be 
entertained. 

Statistical data in their raw state are by themselves o f litt le 
value. It may be intCTesting f b'Ihe managing .directM-af.a com- 
pa ny to learn that the sales of a particular product in one coimtry 
fetal £500.000 last calendar month, but the information 3ohly 
becomes statistically significant when related, for instance, to the 
fact that a turnover of only £300,000 was achieved in the cor- 
responding month of the preceding year. The essence of statistics 
is not mere counting, but comparison - and provided this fact is 
always borne in mind, careless and consequently useless com- 
pilation of data may be avoided. Comparisons are valid only 
when they are between quantities expressed in identical terms, 
e.g. a direct comparison of weekly earnings as an indication of 
living standards between two periods is invalidated if in the first 
the working week was 45 hours and in the second only 40 hours. 

A good example of careless and consequently irrelevant com- 
parison \^s provided by a Board of Trade Press notice con- 
cerning the tobacco shortage in 1949. After pointing out that 
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more tobacco was reaching the shops, it continued: ‘Against this 
is the fact that more persons are smoking than before the war, 
the United Kingdom population having risen from 47,700,000 in 
1939 to 50,000,000 at the end of 1949’. Since the population can 
only expand by immigration and by new births, and the former 
was relatively insignificant in this period, it might be assumed 
that the infants were tobacco addicts at an early age! The 
relevant figures were, of course, those of the adult population 
which, due to the changing age stru'^ure of the whole popu- 
lation, has increased.^ 

On the other hand, too much should not be read into a com- 
parison of such data. The results should be scrutinised because 
there is a difference. The question to be asked is then not so 
much ‘how big is the difference’, but ‘why is there a difference’. 
The following illustrations may bring home the point. An exami- 
nation of the marriage rates in the United Kingdom show 
occasional but sharp fluctuations between the relative numbers 
of marriages registered in the first and second quarters of the 
calendar year. Such fluctuations are largely attributable to the 
fact that the date of Easter varies and occasionally farils within 
the first quarter, although a new influence in recent years has 
been the attraction of an income tax refund if the marriage takes 
place before 6th April. Comparisons of quarterly births in the 
United Kingdom have not always been straightforward. After 
1941 the number of births registered in the final and first 
quarters of successive years had to be adjusted to provide a true 
comparison with previous years. Previously, births were often 
registered up to six weeks after the event, as allowed by law. In 
consequence December births were often registered in January, 
thereby inflating the following quarter’s total. But, with the 
introduction of ration books, the arrival of a new baby - subject 
to registration - meant a new and extra ration book. The elimi- 
nation of the delay between the two events markedly affected the 
official statistics, yet at the time there was a very simple explana- 
tion of the sudden change in the birth pattern! Similarly, the 
sharp increase in the number of divorce petitions in the im- 
mediate post-war years gave rise to much public comment and 
suggestions that family life was disintegrating. Further reflec- 
tions indicated that although the number of petitions had greatly 

1 Evan this needs qualification, since it assumes that the smoking habits of the average adults are un- 
changed, or at least that the per capita consumption has not decreased. 
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increased, the increase could be explained largely by the fact 
that 

1 . The war had led to an accumulation of petitions which would 
normally have been spread over the war-years thus avoiding 
the marked post-war accumulation; 

2. That the enforced separation of husbands and wives during 
the war inevitably led to what now seems to be a once-and- 

, for-all increase and the cumulative effect of wartime influences 
was only apparent with the return of peace. 

Thus the collection of statistical data and their verification 
regarding source and definitions used, forms only the first part of 
the statistician’s work. The statistics themselves prove nothing; 
nor are they at any time a substitute for logical thinking. There 
are, as pointed out above, many simple but not always obvious 
snags in the data to contend with. Variations in even the simplest 
of figures may conceal a compound of influences which have to 
be taken into account before any conclusions are drawn from the 
data. 

Statistical Methods 

As indicated in the quotation in the opening paragraph, 
statistical methods range from simple numerical processes to 
‘subtle processes of inductive reasoning based on the mathe- 
matical theory of probability’. These processes are also covered 
by the term statistics, but to distinguish this meaning of the term 
from our first definition - descriptive statistics - they are usually 
referred to as statistical method. The simpler methods which in- 
volve little more than elementary arithmetic are discussed in the 
chapters which follow. The really fascinating developments in 
technique, which have made statistical science one of the most 
powerful tools in the hands of the modem research worker, are 
of relatively recent origin, mainly in the last thirty years. In 
industry, particularly since the war, statistical methods have 
been extensively employed to control the quality of the product 
and to ensure that faulty goods are not sent out. A brief intro- 
duction to this technique, known as quality control, is ^ven 
later.^ Another important development has been that dealing 
with the design of experiments and their subsequent analysis, 
which is of course determined by the actual design. Modem 

> Chapter XX. 
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designs are much more efficient in that they enable much more 
information to be extracted from a given amount of data. These 
techniques, however, require a mathematical ability of no mean 
order and are only mentioned in this text to emphasise the 
potentialities of statistical method. 

Perhaps the most useful and generally applied technique de- 
vised by the statistician is known as sampling. Most readers will 
have read the election forecasts of f^e public opinion polls; 
many will have heard about market ^research whereby manu- 
facturers learn what the consumer thinks of his product by 
posing specially designed questions to a selected few people. 
Fortunately, although this branch of statistical method is com- 
plex in application, the lay reader can acquire an understanding 
of the principles underlying sampling techniques which will 
enable him to appreciate what the statistician terms the ‘sig- 
nificance’ of his results from an analysis of sample data.^ In- 
formation and conclusions based upon sample data, although 
they are reported with all their limitations are later often mis- 
quoted and bandied about with a complete disregar<^ for their 
limitations which the statistician has so carefully emphasised. It 
is hardly surprising that the statistician so often hears the 
dictum, ‘lies, damned lies and statistics’ quoted at him. Yet it is 
not the statistician who is at fault; it is the individual who quotes 
- often selectively to support his own tenuous arguments - the 
statistical results without any of the qualifications with which the 
statistician has surroimded his conclusions. Some of the prob- 
lems of statistical inference, in other words deducing information 
from a limited amount of data, Le. a sample, are discussed in 
non-technical terms later.® 

Statistics in Bnsiness 

Every business man today appreciates the value of accurate 
and regular financial statements in the conduct of his business. 
The widespread expansion in management accounting in recent 
years is attributable to the growing realisation on the part of the 
industrial community that without facts concerning output, 
costs, turnover, expenses, etc., it is impossible to conduct the 
affairs of a business so as to obtain maximum efficiency. 

1 Bxplained in Chapter X. 

^ Chapters IX and X. 
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Whatever the legal form of a business, be it public or private, 
a public corporation or a unit of nationalised industry, manage- 
ment today has become higthly complex. The administration 
must make its decisions in the light of facts prepared by the 
executives rather than - as was the case in the smaller businesses 
of the past - from intimate personal knowledge of the concern. 
Although no volume of statistics can replace the knowledge and 
experience of the executives, it supplements it with more precise 
facts than were hitherto available. The value of statistics in 
the large concern is indicated by the comments of Lord 
Heyworth, Chairman of Unilever, in his Presidential Address 
to the members of the Royal Statistical Society^ : ‘We also have an 
interest in statistics of a general nature. We operate in most of 
the countries of the world. We frequently have to decide whether 
it would be, say, a better proposition to erect a new factory in 
Malaya or extend our ice-cream business in England. To come to 
a satisfactory decision we have to know all about not only the 
specific conditions of the trade in which we are proposing to 
engage in Malaya and England, but also the whole general health 
of their economies ... So for such purposes a whole range of 
outside statistics may be relevant, from the amount of debt in the 
countryside to the number of votes obtained by communists in 
municipal elections.’ 

It is much easier and probably more important for the larger 
imdertaking to assemble and prepare statistical data relevant 
to their problems. This does not mean, however, that the smaller 
firm can derive no benefit from the simpler statistical techniques 
outlined in later pages. The mere assembly of data relating to the 
financial and production activities of the firm in tabular form 
and simple charts can often bring to light facts and trends which 
were hitherto not fuUy appreciated or not apparent from a 
scrutiny of the bare figures themselves. Given some knowledge of 
even the simpler methods, errors in the interpretation of such 
statistical data can often be avoided. 

Finally, in government publications there is a wealth of in- 
formation relating to virtually every industry as well as to the 
economy at large, accessible to all. One government committee 
found that in contrast with American business, British in- 
dustrialists ajnd businessmen made little use of such data as are 

1 *Tbe Use of Statistics in Business' - Lord Heyworth: Presidential Address to Fellows of the Royal 
Statistical Society, read 31st October. 1949. 
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compiled from the periodic censuses of production and distri- 
bution. Yet it is from such information that the business man can 
make a better assessment of the economic situation when fore- 
casting the prospects of his business and provide him with in- 
formation relating to other problems directly concerning him; 
for example, prospective supplies of labour, raw materials, 
machinery, building, etc. To ignore such information is at best 
unwise and at worst may be likened to a ship's captain who 
ignores his barometer in assessing th^weather prospects. 

Govmunent Statistics 

Most of these data are the by-product of government activity 
in the social and economic spheres which has brought with it the 
need for positive and constructive legislation in economic affairs. 
The acceptance by all parties of responsibility for the mainten- 
ance of economic stability, which was acknowledged in the White 
Paper on Full Employment^, necessitates the collection and pre- 
paration by the responsible Government departments of 
statistics covering the whole vast complex of the nation’s 
economy. Many of these data can only be obtained* from the 
business and industrial community, and this involves the 
generally disliked task of form filling. There is scope for much 
education on both sides in this matter. The Government statis- 
ticians responsible for the preparation of the forms and the 
presentation of the results will perform their tasks more 
efficiently given reasonable co-operation from their informants. 

Statistical techniques enable the Government Actuary to 
estimate the potential demand for pensions, sickness benefit 
and unemployment allowances. The B.B.C. has, since October 
1936, maintained a statistical department for audience research 
in order that programmes should as nearly as possible meet the 
demands of the public. ‘ The Budget, which influences every side 
of the economic life of the community, is itself based on estimates 
of the probable consumption of taxed commodities, prospective 
income levels and mortality rates (for estate duty receipts), all of 
which owe their accuracy to statistical techniques. There is little 
doubt as to the importance attached by the government to 
reliable and up-to-date statistical data on the economic scene. 

1 Employmeat Policy. Cmd. 6S27. 

* McIImmIp €f Listener Research employed by the BM,C. - R. J. E. Silvey, J.R.S.S.p Vol. CVll 
pu. m/rV, 1944p p« 190. A brief dacription of this work is given in Chapter XHI. 
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The Central Statistical Office is expanding continuously its out> 
put of economically significant series sudi as hire-purchase 
statistics and estimates of investment outlays by large firms in 
the United Kingdom. Much is being done to improve the 
economic statistics needed for budgetary policy. Mr Macmillan, 
when Chancellor, likened the then available data to 'looking up 
the trains in last year's Bradshaw’.^ Economic planning is im- 
possible without accurate statistics published with the minimum 
of delay. 

The contents of the following chapters may at times appear to 
be far removed from these important and fascinating problems; 
but just as a mathematician has first to learn the multiplication 
tables, so the potential statistician must first acquaint himself 
with the elementary principles of statistical analysis. If after 
finishing this book, the reader is still interested in the subject, 
then - his mathematics permitting - a brief bibliography offers 
him additional material for study. 

^ Budget address 1957, Many of the more important economic statistics are discussed in Chapters 
XIV and XVII. 



CHAPTER II 


STATISTICAL DATA: 

DEFINITIONS AND SOURCES 

Statistical method consists of two r^in operations; counting 
and analysis. The analysis may entail no more than a simple 
comparison, e.g. at last Saturday’s football matches there were 
60,000 spectators at Chelsea and 40,000 at Tottenham. From 
these data at least one conclusion can be drawn, Le. there were 
50 per cent more spectators at one match than at the other. The 
ensuing question, ‘why this was so ?’ requires more information 
than is given here. At more advanced levels statistical analysis is 
very much more complicated and is based on specially designed 
mathematical techniques. But to whatever type of analytical 
technique the data are to be subjected, the first stage of any 
statistical enquiry is the collection of the facts and this means 
counting. The statistician has no use for information that can- 
not be expressed numerically, nor generally speaking, is he in- 
terested in isolated events or examples. The term ‘data’ is itself 
plural and the statistician is concerned with the analysis of 
aggregates. 

The data themselves may be of any kind as long as they can be 
counted. They must, however, be susceptible to classification as 
well as to counting. In the statement that there are 50 million 
people in Great Britain, the unit of counting is a person, just as 
in the figure of unemployed quoted earlier, the unit is a person 
registered at the local Employment Exchange as unemployed. 
The actual process of counting, whether it be the census 
enumeration of heads of households and the persons in them, or 
the number of insurance cards lodged at the Employment 
Exchange on a given day each month, is easy enough, although 
with very large aggregates mistakes will occur. But the latter are, 
generally speaking, insignificant in relation to the absolute 
figures in the totals. A much more serious consideration for the 
statistician is to be certain that not merely have all the units been 
counted, but that only the units relevant to his enquiry are 

10 
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included. For example, the characteristic of the unit in a count Of 
the unemployed is the fact of being both unemployed and 
registered as such. The Ministry of Labour publishes, among 
other analyses, totals sub-divided by sex and age (actually as 
between men and boys, women and girls) by the duration of im- 
employment as well as the location. All these analyses depend on 
classifications which in turn depend on the definitions employed. 
Clejarly, some definitions are easier than others, e.g. male and 
female, men and youths - the latter being defined as under 1 8 years 
of age. 

Some classifications, however, are more arbitrary since the 
definition of the unit is itself arbitrary. For example, suppose 
we sought to classify a group of women by the colour of their 
hair or eyes. Inevitably there will be some colours which will be 
difficult to determine although if the same women were classified 
by height, the classification would be simple. The basis of 
classification d^ends on the nature of the characteristic by 
which units are being identified and counted, e.g. women over 16 
years of age in the United Kingdom are either married, single, 
widowed, separated or divorced. The characteristic in this case is 
described as an attribute. The same women can be classified by 
age; in this case the classification is based on a characteristic 
which is known as a variable. The distinction between ‘attribute’ 
and ‘variable’ is important but quite simple. The former 
describes a characteristic which is not capable of numerical 
definition, e.g. coloiu of eyes, houses condemned as ‘unfit for 
habitation’, recruits classified as ‘grade one’. A variable is a 
characteristic which can be expressed in quantitative terms, e.g. 
height in inches, salary in pounds, or marks in an examination. 

The point of the foregoing paragraph is to emphasise the fact 
that the statistician is usually concerned with groups and ‘popu- 
lations’ consisting of units possessing a common characteristic, 
although he may compare such groups which are dissimilar in 
one particular respect. For example, in the pre-election polls it is 
usual to classify the respondents (i.e. those who have been inter- 
viewed) by their political pzuty to ascertain how far allegiance to 
a party affects their attitudes to particular problems of the day. 
But, it should be noted, all the units in the various groups share a 
common ch^^racteristic, i.e. the right to vote, and it is for this 
reason that they have been interviewed. 
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The significance of precise definition becomes apparent when 
information is being collected. This is especially true of what are 
termed ‘secondary’ statistics, i.e. statistical data available in pub- 
lished form such as the Aimual Abstract of Statistics.^ Especial 
care must be taken in using published data to ensure that over 
the relevant period of time the definitions or coverage of a series 
of data have not been altered. For example, it is impossible to 
compare pre- and post-war living cost^ by simply comparing the 
pre-1947 Cost of Living Index with th% current Index of Retail 
Prices. Sitnilarly, the published ofiicial estimates of the ‘working 
population’ at the present time are compiled in a different way 
from the figures published at the end of the war so that com- 
parisons of ‘total working populations’ in 1947 and 1957 can 
only be made after adjusting certain figures to a common basis. 

Such considerations are especially relevant when it is learnt 
that by far the most important and prolific source of published 
statistical data is the government. Each department produces a 
great deal of statistical data, primarily as a by-product of its 
administrative functions. For example, the Home jOffice is 
responsible for the preparation of the Annual Report on 
‘Criminal Statistics’ which gives information on the extent and 
type of crimes committed, the activities of the police in clearing 
up such crimes and the punishment meted out to the convicted 
offenders by the Courts. The published statistics on crime are 
especially interesting in view of their chequered history.* For 
example, the only crimes which officially exist are those known 
to the police. Thus, it is probable that the extent of blackmail 
and sCTual assault is understated in the annual returns, since the 
victims are often unwilling to run the risk of publicity if they 
were to charge the offender. Fluctuations from year to year in 
the published figures may reflect not only changes in the in- 
cidence of a particular crime, but mainly the fact that the police 
have at intervals undertaken a major drive against it. This, for 
example, probably explains the apparent increase in homo- 
sfficual offences of recent years. It is unlikely that the extent of 
such practices among the male population has changed as much 
as recent publicity given to court cases would suggest. The in- 
oreased number of convictions merely indicates that the police 

1 A compendium of official statistics compUed by the Central Statistical Office and published 
annually. The Abstract for 1958 is the 9Sth in the series. 

s See Chapter JfJV for references. 
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have become more active in trying to siq>press these {nactiees. 
Contrasting rates of crime, i.e. of certain types of offence in 
different areas of the coimtry, may merely reflect local police 
directives or the prejudices of the local bench of magistrates. For 
example, where the bench is reputed to be lenient towards 
certain types of offence, it is probable that the local police will 
be more reluctant to c^rge the offender than in another area 
where the bench is not so inclined. 

In brief, the greatest care must be exercised in using any 
statistical ^ta, especially when it has been collected by another 
agency. At all times, the statistician who uses published data 
must ask himself, how were the data collected, by whom and for 
what purpose? Many official statistics, i.e. government pro- 
duced, are reliable and complete. But this is not true of all pub- 
lished data, least of all that covering a long period of time. 
While there has been a great improvement in the quality of 
official statistics since the last war, it is not so many years since 
the ‘working population’ was differently classified by the Board 
of Trade, the Registrar-General and Ae Ministry of Labour, 
thereby making comparisons of similar data collected by these 
three government departments virtually impossible. 

With these provisos and warnings regarding the use of pub- 
lished data, some indication of the scope and extent of published 
statistics can be given. Published sources can be divided into two 
categories. The first and most important are the official statistics 
prepared by the government. These are of two kinds: those 
which are the administrative by-product of a department’s daily 
work and those which are collected at intervals for specific pur- 
poses. An example of the first type are the figures prepared by the 
Customs and Excise department. The bulk of these appear in the 
annual report of the department. Some of these annual reports, 
i.e. Blue Books, contain a wide range of statistical information. 
For example, apart from such routine statistics as the amount of 
tax collected and number of assessments made, the aimual 
report of H.M. Commissioners of Inland Revenue has been con- 
siderably expanded in recent years and is now a mine of in- 
formation regarding the size and distribution of incomes and 
direct taxation. Examples of the second type of official statistics 
are the vanous censuses, e.g. the decennial population census 
and the census of production. Apart from information of a 
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statistical character contained in Blue Books and special cen- 
sus reports, there are the periodic White Papers such as those 
on the Balance of Paymoits and the Economic Survey. These 
papers are usually prepared by the appropriate department, but 
since the war there has been created a Central Statistical Office 
which has two main functions. First, it is responsible for co- 
ordinating the statistical information produced by the various 
d^artments so that, for example, with a Standard Industrial 
Classification introduced in 1948, all departments now prepare 
data classified (where this is appropriate) under the same in- 
dustrial headings and not as before the war, as was pointed out 
above, on their own classification.^ Second, the C.S.O. as it is 
usually termed, is responsible for bringing together the economic 
statistics needed for the formulation of policies designed to 
maintain economic stability. Many of them are published in the 
Monthly Digest of Statistics and Economic Trends. The more 
important of the United Kingdom economic statistics are dis- 
cussed more fully in Chapter XVII. 

The second category of published statistics is not so large, nor 
is it so well known. Local authorities publish annually a wide 
range of statistical information relating to their financial and 
social activities, as do the various nationalised industries, e.g. 
the National Coal Board. Some of the City ii^titutions produce 
statistical studies of matters which are of especial interest to 
them. For example, the Midland Bank has long published a 
series of statistics showing the amount of capital raised in the 
capital market by governments and companies, while Lloyds 
Bank publishes an index of the supply of money. In recent years 
the need for the independent collection of economic statistics has 
been greatly reduced by the government’s recognition of its 
responsibilities in this field. There remains, however, one branch 
of statistical work of the utmost importance for the private in- 
vestigator, either individual or, more usually, corporate. This is 
the canying out of survQrs among special groups of the popu- 
lation to obtain information which is not otherwise available. 
Thus the Department of Applied Economics in Cambridge has 
conducted local sruveys into family budgets and the Oxford 
Institute of Statistics was responsible among other surveys for a 
pioneer enquiry into personal savings in the United Kingdom. 

^ The S.l.C. has been amended slightly in 1958. 
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Another private organisation conducted a national enquiry into 
the conditions of life among the 'over-seventies’, while a 
professional body anpually carries out sample enquiries into the 
reading habits of the community. Although initiated and devel- 
oped by non-govemment bodies, the technique of sample en- 
quiries has been adopted by the government since the war. It has 
its own survey organisation known as the Social Survey and 
large scale sample surveys have formed the basis of the Retail 
Price Index which serves as a cost of living index in the United 
Kingdom. Using similar methods, there is a continuous survey 
into the food consumption habits of the community, the findings 
of which are published in the annual reports of the National 
Food Survey. 

If it is proposed to use statistical data which have been ob-' 
tained from a survey carried out by some other party, then it is 
imperative that the report of that survey be read, special atten- 
tion being paid both to the sample design, i.e. the informants and 
whether they were representative of the larger population, and to 
the questionnaire. Any survey report which lays claim to serious 
attention will give the reader such information within its covers. 

Similar considerations arise when the statistician is forced to 
collect his own data direct from a group of respondents. 
Questions must be carefully phrased so that they are un- 
ambiguous and mean the same to all respondents. It will often be 
necessary to define certain terms. For example, 'household 
income’ covers all wages and salaries before tax, as well as 
pensions and tax-free spare-time earnings. Individuals in the 
Household Expenditure Survey of 1953-4 often gave their net 
incomes after deduction of tax and national insurance contri- 
bution, as well as omitting any cash receipts from spare time 
activities. 

The importance of paying attention to the precise definition of 
statistical units and sources of data collected by others becomes 
evident when it is recalled that the conclusions derived from the 
enquiry can only be as good as the original data upon which they 
are based. You cannot make, nms the old adage, a silk purse out 
of a sow’s ear. It is equally true that an ill-classified collection of 
inaccurately defined data from misguided informants will not 
provide reliable data for a useful statistical study. It is for such 
reasons as these that the Central Statistical Office has pr^Mued a 
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nnall booklet of tenns and definitions of the units and data pub- 
Uslied in the Monthly Digest of Statistics.^ The student would be 
wdl advised to look through this, not for the purpose of learning 
any of the definitions, but first so that he becomes aware of the 
care whidi must be devoted to this apparently elemoataiy 
branch of statistics, and second, to ensure that when he abstracts 
figures from the Monthly Digest he will do it properly. He will 
also understand why it has been so.necessary to devote an entire 
chapter to what appear to be comnlonsense propositions ! If he 
is a reader of crime-fiction, he may recall the comment of so 
many detectives, ‘in the long run, it’s the apparently small and 
unimportant things that count’. This is just as true of statistical 
source material. 

I This Supplement on Notes and definitions is published annually in January by H.M. Stationery 



CHAPTER III 

COLLECTING THE DATA 
Deficdiig the Enquky 

As was indicated in the preceding chapter, there is no lack of 
published statistics on a wide range of subjects. The usual dif- 
ficulty, except in the case of the better known sources, is to 
locate them. It is good practice for any statistician to assume that 
whatever information he himself may be seeking, someone else 
has had the same idea before him and has probably done some 
work in the field. Even if what has been done does not prove very 
helpful, it is a poor statistician who cannot profit to some extent 
by another field worker’s or researcher’s work, or even his mis- 
takes. In practice, however, the difficulties of actually collecting 
data (whether from published sources or by means of an en- 
quiry) are often not as great as the difficulties which arise at the 
outset in defining the scope of the enquiry. There is first the 
problem of deciding exactly what information the statistician 
wants; then the best way of getting it. For example, the mana- 
ging director of a large works has decided that thore is ‘too 
much absenteeism’ among the labour force and you are instructed 
to look into the matter. Where does one start ? 

First one has to find out how many workers have lost time 
during a given period. But what period? In winter absences due 
to legitimate sickness are likely to be high; in summer the extent 
of absenteeism may be lower than usual because with a holiday 
in the offing the worker will not want to lose money. Assuming a 
period for study has been selected, how long should it be? A 
month, three months or longer? Having decided these points, 
how does one find out from the worker why he lost time? If a 
large number were away on the day when nearby football teams 
were meeting in a local derby, the absenteeism may easily be 
explained, but it is unlikely that when asked the worker will give 
the real rea^n for his absence. Are we then to assume that unless 
the absence' can be justified by the production of a medical 
certificate, it is ‘absenteosm*. What about the family man who 
B 17 
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loses a morning’s work to look after the family when the wife is 
sick? A good excuse, perhaps, but one which is difficult to refute. 
The reader may like to ponder on this particular illustration to 
see if he can devise a solution! 

When the enquiry is on a broader basis than a purely localised 
survey, the problem arises as to the best method of contacting 
those whom one hopes will give the information needed. How 
can this best be done? To visit and interrogate them all per- 
sonally might be desirable, but quite apak from expense it may 
be impossible on account of time. If one writes to them and 
sends a list of questions, how does one avoid the considerable 
risk that the form and letter will go into the waste-paper basket 
unanswered? Not least, as the reader will doubtless appreciate 
from personal experience, there are many questions he would 
like to ask at times, but the chances of getting either a polite or 
truthful answer are slight. If they cannot be asked directly, is 
there some other way of getting an indication of the facts ? For 
example, an enquiry into health could include the question ‘have 
you during the past month visited your doctor?’ The olyect of 
the question is to learn whether the informant has been unwell 
during that period, but he may have felt unwell and still not 
taken medical advice. Consequently further questions are 
needed to build up the full story. The danger of this approach is 
that one finally finishes up with a schedule of questions which 
will take at least an hour to ask, so that informants will then 
refuse to be interviewed! However, sufficient has been said to 
indicate briefiy some of the statistician's problems in the survey 
field. The techniques of surveys and interviews are discussed in 
detail later.' 

Collection of Data 

There are three basic methods of collecting the information 
needed: 

1 . The investigator may interview personally everyone who is in 
a position to supply the information he requires. Such a pro- 
cedure will be possible in very few cases indeed, since most 
statistical enquiries cover a wider field than any single in- 
vestigator could possibly examine personally within any rea- 
sonable time. An interesting example of such an enquiry is 

Sc» ChaiMar Xm. 
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that conducted by Professor Zweig who personally inter- 
viewed 400 people.* 

2. The task of interviewing informants may be delegated to 
selected agents who will be provided with a standardised 
questionnaire and explicit instructions as to the mode of its 
completion and the information to be elicited. The main 
problems in this case are the selection of suitable agents and 
the cost involved. It is not merely sufficient that they should 
be given routine instructions; they should be fully conversant 
with the purpose of the enquiry, since inefficient interviewing 
will seriously affect the value of the results obtained. Against 
the disadvantage of high cost and the difficulties of obtaining 
suitable agents must be set the very considerable advantage 
that the information received will probably be highly reliable. 
Such interviewers are nowadays employed by all research 
organisations such as the Social Survey and the market 
research offices. 

3. The last method is by questionnaire addressed to individual 
informants. This method, at one time extensively employed, 
possesses the apparent advantage that a very large field of 
enquiry may be covered at relatively low cost, and the larger 
the coverage the less significant will be occasional errors in 
the filling up of individual forms. This method of collecting 
information is not very satisfactory due to the low propor- 
tion of returns. The government uses it for various census 
enquiries, e.g., population, election, production, but in these 
cases the return of the form is compulsory. If it is voluntary, 
only those individuals, generally speaking, who are particular- 
ly interested in the subject matter of the enquiry will trouble 
to return the questionnaire. Then the investigator may merely 
have a collection of biased data.® 


Drafting the Questionnaire 

It is idle to pretend that mistakes are not made in completing 
a schedule of questions. More usually due to carelessness, they 
may sometimes be deliberate, e.g., the over-statement by a 
manufacture of the proportion of total output allocated to 

1 Labour, Life and Poverty, F. Zweig» Oollancz, 1948. 

* See Oiapter XIll for a diacuasion of poatal enquiries. 
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export as against the home market in a Ministry of Labour return, 
or they may be accidental, made in all good faith, but due to a 
misunderstanding of a particular question. In any enquiry the 
compilation of the questionnaire is difficult, and it is often the 
joint product of several specialists in survey work. It has been 
justly observed that a survey is no better than its questionnaire. 
This is especially true where the results of the enquiry depend on 
the goodwill and voluntary co-operation of the prospective 
informants. 

If a questionnaire sent by post is unduly long, of too prying a 
nature, or the questions are too complex, it is quite likely to be 
consigned to the wastepaper basket. Similar weaknesses in a 
schedule used by an interviewer will lead to a high refusal rate. 
It may be that some of the copies returned will be inaccurately 
completed owing to a badly-phrased question. Such information 
is then valueless for further statistical analysis, since it is not 
possible to tell whether the informant was answering the ques- 
tion as set, or putting an altogether different interpretation on it. 
In a public opinion survey the question ‘Do you believe in God ?’ 
was put to the respondent; from a statistical point of view the 
only justifiable conclusion that could be drawn was that X per 
cent, of those questioned said they did. What they meant, or 
what they understood by the question, only the individual in- 
formants will ever know. A paramount consideration, when pre- 
paring the questionnaire, is the type of individual to whom it is 
addressed. The population census, which is compulsory, goes to 
all heads of households in the country, and since the mental 
ability of some fourteen million informants will vary consider- 
ably, the questions must be worded so that the least intelligent 
individual cannot fail to grasp their meaning. On the other hand, 
a questionnaire sent to business executives may contain ques- 
tions of a technical nature. Nevertheless, clarity and simplicity in 
their construction are still essential. Whenever the postal method 
is used, the questionnaire should be accompanied by a short 
letter explaining not only the purpose of the enquiry, but also the 
advantages which will accrue to the informant from the final 
results. There is often no finer goad to co-operation tiian self- 
interest! 

Since the value of the results obtmi^ljLfrom the enquiry de- 
pends largely on the adequacy the followinit 
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points should be borne continuously in mind during its pn^ara* 
tion, even in cases where it is to be completed by an official 
agent or the investigator himself : 

1 . Few people enjoy form-filling or answering questions. Keep 
it as short as possible. 

2. Complicated and long-winded questions sometimes irritate 
and often confuse the respondent and result in careless 
replies. Make the individual questions short and simple. 

3. Answers such as ‘Probably’, ‘Fairly good’, ‘Average’, mean 
nothing to a statistician, since they signify different degrees 
to different individuals. Ensure that all questions may be 
answered as far as possible by either ‘Yes’ or ‘No’, or by a 
name or figure. Some readers may, however, have encoun- 
tered the type of questionnaire circulated by the Audience 
Research section of the B.B.C., in which the listener is asked 
to indicate whether he or she considered a particular pro- 
gramme excellent, good, fair, or poor. This survey is con- 
cerned with estimating the number of listeners who ‘thought’ 
the programme was good, i.e., the listener’s subjective assess- 
ment of the programme. If 90 per cent, of the listening public 
answered ‘excellent’, then as far as the B.B.C. producer is 
concerned, the programme was outstandin^y successful. 
There is no attempt here to arrive at an impartial, objective 
assessment of the quality of the programme, since it is clearly 
impossible to do so. In short, the questions and their answers 
depend on the purpose to be served by the enquiry. 

4. The questions should follow a logical sequence, so that a 
natural and spontaneous reply to each is induced. Thus it is 
clearly politic to enquire whether a woman informant is 
married before asking her how many children she has! 
Similarly, if the enquirer wishes to know the amount spent 
on children’s clothing, a comment in passing on the tendency 
of children to ‘kick their shoes to pieces’ may evoke for the 
trained interviewer a more adequate and reliable response 
than a direct question. 

5. Few people willingly provide intimate facts about them- 
selves. Many resent such questions, which should be avoided 
as far as possible. In some cases where private information of 
this nature is needed, the method of personal enquiry may be 
most likely to yield results. Such questions should, however. 
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be kept to the end of the interview, when the informant may 
feel more at ease with the interviewer.^ 

6. When public opinion on a particular issue is being assessed, 
it is important to ascertain from the respondent whether he 
has any knowledge of the subject, before asking his opinion 
on it! Opinion polls, as compared with factual enquiries, give 
rise to a host of very complicated problems in questionnaire 
design, some of which are discussed in Chapter XIII. 

It need hardly be added that once the <|uestionnaire has been 
drafted, it should first be tested on a small dumber of individuals, 
to assess the probable reaction of the wider public to be covered 
later. This policy was pursued by the Board of Trade in the 1948 
Pilot Census of Distribution. It was proposed to cairy out a 
census of shops and service establishments in 1951, but the 
Department undertook initially a sample survey of a few selected 
areas and trades representing the whole country. The lessons 
drawn from the many criticisms and suggestions made enabled 
improvements in the questionnaire to be introduced, thereby 
facilitating the task of the informant and ensuring more accurate 
and prompt replies.* The mere fact that the census is enforced 
legally does not help the statistician very much ; he is much more 
anxious to obtain a fair sample of accurate replies than a mass 
of carelessly compiled and often inaccurate information. 

Technique of Sampling 

As already stated above, it is frequently physically impossible 
to obtain a really wide coverage of information from all those 
individuals who might come within the scope of the enquiry. 
This is especially true where, owing to the nature of the enquiry 
or survey, it has been decided to use agents interviewing their 
subjects personally. Examples of such surveys are the 1953/4 
Ministry of Labour enquiry into some 12,000 ‘working-class’ 
household budgets, the Ministry of Labour enquiry into the 
attitudes of retired workers to retirement, the many surveys 
carried out by the Social Survey on behalf of various Govern- 
ment Departments, and finally the well-publicised political polls 

i The extent to which people will supply information even of the most intimate nature, is empha- 
sised by the Enquiry into Fertility. See Royal Commission on Population’s 'Family Limitation.’ 
R.C.*s Papers, Volume I. Admittedly in this case the information was collected by doctors and mid- 
wives. Most surveys include questions relating to the family circumstances and respondents are 
usually prepared to answer them. 

^ In view of the widespread protests and even hostility encountered with the Pilot survey, it is clear 
that as a result of the lessons learnt, a great deal of expense was avoided. 



COLLECTING THE DATA 23 

which are discussed regularly in the daily press. In these cases 
only a small part of the field may be covered; estimates of 
national public opinion are often based on a sample of less than 
2,000 informants. Yet it is true to say that in most cases, pro- 
vided that the survey has been conducted with due regard for 
statistical technique and principles, the results should differ only 
to an insignificant extent from those which would be derived 
from a complete census. ‘ The validity of this contention has been 
proved in the past by careful checking, repeated sample en- 
quiries, and in some cases by a full-scale enquiry where the field 
to be covered was not impossibly large. 

This system of selection of a part of the whole, known in 
statistical method as ‘sampling’, may be explained by a simple 
analogy. The practice of sampling is frequently encountered in 
the world of commerce. Thus a small sample of tea or grain, of 
cloth, or of many other commodities, is frequently the only 
means whereby a prospective buyer can assess the quality of the 
bulk. The principle underlying the process is the assumption, 
generally borne out in practice, that the part is genuinely repre- 
sentative of the whole; thus the Public Analyst bases his report 
on the quality of a product on a few tested samples, and the 
assayer assesses the mineral content of an area on samples of ore 
selected at random. Innumerable experiments have revealed 
that, given two conditions, a selection from a large group of 
individual items will possess the characteristics of that group. 
The two conditions are : firstly, the selection of the sample must 
be random, i.e., each individual item within the aggregate must 
have an equal chance with any other of being selected. Unless 
this fundamental requirement of any sampling technique is most 
carefully observed, the sample will probably be biased and as 
such virtually useless. Secondly, the samples selected must not 
be so small that all the possible varieties within the group cannot 
be duly represented. If a large sack of marbles contains ten 
colours, it is not sufficient merely to extract enough marbles to 
include all the ten colours, the number extracted must be 
adequate to permit the sample to contain proportionatdy as 
many reds compared to, say, blues, as there are in the whole sack. 

It follows as a matter of course that the larger the sample the 
more closely the final results will approximate to those which 

I A complete enuiifttation of the entire field is known as a 'census/ A limited enquiry baaed on part 
of the field is usually described as a 'sample survey/ These are discussed more fiilly in Chapter Xin. 
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would be derived from a census, althou^ after a certain st^e the 
additional precision in the sample r^ult gained by inoreasing the 
sample may be small.^ ‘Precision’ in this context means the 
likelihood that the sample result will not differ to any appreciable 
extent from the result to be expected if a complete enumeration 
had been carried out. The proportion that the sample bears to 
the whole field (usually known as the ‘universe’ or ‘population’) 
is unimportant in determining the degree of precision. It is the 
absolute size of the sample that is relevant.* In recent years 
statisticians have devoted considerable thought to the task of 
ensuring the representativeness of the sample and in determining 
the minimum sample size required to produce a reliable answer 
to their problems. Some of the main sampling techniques used in 
surveys are explained later in this book.* 

ProUems in Sampling 

Where the data are not completely homogeneous, i.e., com- 
parable by virtue of a single common characteristic, the sample 
must be carefully selected. Thus, in a survey designed to as- 
certain the average expenditure on food of all types of individual 
households, there is a twofold problem. Firstly, a ‘wealthy’ 
family will spend more money and buy different commodities 
than a ‘middle-class’ family, while the latter will probably spend 
more than a ‘working-class’ family. Merely to aggregate all 
three types and extract an average outlay per family would be 
virtually meaningless, since the three groups are not comparable 
for this purpose. Thus separate samples from each of the three 
groups must be taken and compared independently. This 
problem was encountered in the Household Expenditure En- 
quiry 19S3-4, the data from which were used to construct the 
Index of Retail Prices. By excluding the ‘well-to-do’ hous^olds 
and the very poor pensioner, the remaining households formed 
a homogeneous group in respect of their spending habits.* If th^ 
are to be combined to answer the different question of how much 
an average family spends, then the result for each social class 
must be included in due proportion as these classes exist in the 

1 See Chapter X. 

3 See Chapter X. 

« See Chapter XI. 

« Thie fubjeet ie diqcussed more fully in Chapter XIV 



COLLECTING THE DATA 25 

whole population. This process, known as weightir^ is discussed 
in Chapter VI. 

Secondly, for example in a public opinion poll which is de> 
signed to reflect the views of the whole adult population, the 
individuals interviewed must not only represent each section of 
the conummity, e.g., rich and poor, professional workers and 
wage earners, etc., but the munbers sampled from each group 
must bear the same relationship to each other as do the s^arate 
groups to the whole population. Non-observance of this simple 
rule resulted in the bad failure of an American journal’s forecast 
of the 1936 presidential election result. In that survey too large a 
proportion of the wealthier and professional workers were in- 
cluded in the total sample. The more recent failure in the 1949 
U.S. presidential election of the public opinion poll forecasts can 
perhaps be attributed in part to the fact that the proportions of 
the voters from each social group were different from the actual 
proportions of the electorate in each social group. Thus, if 60 
per cent, of the electorate voted, 80 per cent, of the ‘working- 
class’ electorate may have cast their votes, but only 50 iJer cent, 
of the middle and professional classes; the final result would not 
then conform to the straw vote taken by the poll.^ In the same 
way, attempts to interpret the trend of public opinion from 
letters written to a particular daily newspaper or straw votes 
from its readers are not based on any sound statistical reason- 
ing, since most newspapers appeal mainly to a specific section of 
the electorate and only those of their readers who feel especially 
stron^y about any issue bother to write. 

The problems raised by the technique of sampling are many 
and complicated. Usually the advice of an expert in this par- 
ticular field is obtained to avoid mistakes at that stage which 
could nullify all the effort expended on the enquiry. Apart from 
the need for random selection there are no precise rules or 
formulae to follow, and often if there is even the slightest doubt 
as to the accuracy of the results of a sample enquiry, it is advis- 
able to check the results by farther sample surveys. This is 
particularly true where a rather small sample has been selected. 
To sum up, therefore, the main considerations to be borne in 
mind in sampling may be repeated. Firstly, the population must 
be homogenous, i.e. only items and groups with common 

1 Despite all the adWrae crltidaiii directed againat the polls on this occasion, the actual error was 
less then 4 per cent, of the votes cast. 
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characteristics relevant to the subject of the enquiry may be 
compared. Secondly, the sample must be both random and 
large enough to be fully representative of the whole group, i.e. 
large enough to contain all significant differences in the charac- 
teristic under review. Finally, in collecting the sample, the 
temptation to take the easiest and most accessible items must be 
overcome. For instance, if a poll is to be taken of student’s views 
on the suitability of a certain hour for a lecture, it should not be 
conducted before the lecture starts unless all are present. The 
very reason for the absence of some of thdse not there to express 
their views might be the unsuitability of the hour. Thus the result 
of the poll would be distorted, as will the result of any sample 
survey in which the respondents are not selected at random. 
Similarly an investigator refused information at one of the house- 
holds selected for an enquiry should not go next door, even if 
invited to do so, since the answer provided by an unwilling 
informant may be very different, and sometimes less prejudiced, 
i.e. more representative of the body of opinion, than those sup- 
plied by a willing neighbour who may have an axe to grind! 

Some Recent Schedules 

To illustrate the points and comments on questionnaires made 
in the foregoing chapter, four illustrations of schedules are dis- 
cussed in this appendix. 

1. The first is a very simple schedule used by the Board of 
Trade in the Census of Production. This census is held about 
every three years, and in the intervening years a sample enquiry 
is carried out. The form reproduced here is sent to all small 
undertakings, which for the 1 958 census are defined as firm em- 
ploying less than 25 persons including working proprietors. The 
amotmt of information required is very small, it consists merely 
of a description of the firm’s main line of business and the 
number of its workpeople. This schedule should be compared 
with the last of the four in this section, which is the form sent to 
all establishments. Some comments on that form are made later. 
The reason for this very simple form is that small undertakings in 
many industries are very numerous yet in the aggregate produce 
a relatively small proportion of the industry’s total output. 
Furthermore, such enquiries tend to be resented as wasting the 
proprietor’s time and the non-response rate is high. Since the 
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BOARD OF TRA DE 

CENSUS OFFICE 

Lime Grove, Eastcote, Ruislip, Middlesex 


twt Ociobtr, 1958, 


£>e8r Sir(8). C ENSU S OF PRODUCTION FOR 1958 

All firms engaged in the manufacture or firooessing of good^. the construction or repair of buildings, etc., or any 
other form of prtxluctive work, including 'mining, will be required under the Stutistic.s of Trade Act, 1947. to make a 
letum to '.his Office in connection with the census of production for 1958. 

I am anxious to avoid sending a detailed form next January to the smaller firms and 1 am therefore inviting you 
to complete the statement below if. during the period Isi October. 1957, to 30th September. 1958. the average number 
employed in your business (including working proprietors and clerical staff) was 24 or fewer. 

If you arc mainly engaged in retailing or wbolcsnliitg goods purch.iscd from other firms and your own production 
is only a minor part of your business please say so at heading 1 below. If you are engaged mainly in repair work 
please so state at heading 1 and add the kind of goods you repair. 

If you return this form satisfactorily completed without delay, you will not be further troubled in connection wit.i 
the census of production for 1958. If you do not reply a detailed form will be sent to you in January for completion. 


Yours faithfully. 


Director of StaUxtics. 


CONFIDENTIAL 

Statement to be completed only by those flmu who, during the period 1st October, 1957, to 301b September, 1958, employed 

not more than 24 persons. 


1. Pull description of work done 

Codes 

(leave blank) 

/ / 

Machine 

Codes 

31.16. 9 

2. Average number of persons employed in the business (including working 

Number 


proprietors and clerical staff). 

Males 


31.31. 5 

Females 


31.36. 5 

3. If production began or cca.scd during the period state here : 

Date wh'-'n production began 

/. /■ 

31.51.10 

Date when production ceased 

/■■• / 

31.61.10 


I hereby declare that the information given above is correct to the best of my knowledge and belief. 


Signature of person 

Date 1958. furnixhi. 4 g information 

Title of firm 


Address of registered olTice 
(if a limited company) 
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Board of Trade can exercise its statutory powers to evoke a 
reply, in due course the majority of firms do make a return. But 
if any detail were required, as was the case in the first post-war 
census, the questions are carelessly answered. In all probability, 
the census statisticians can make as good an estimate of the out- 
put of such small firms on the basis of the numbers employed as 
they are likely to make on the basis of a large amount of in- 
accurate data supplied by unwilling informants. The reader will 
note the brief letter at the head of the i^orm explaining its pur- 
pose. The implied ‘threat’ of further forms in the last sentence is 
perhaps a good method of ensuring a fairly prompt response! 

2. The second schedule was used in the Family Census carried 
out by the Royal Commission on Population Statistics sub- 
committee. This form was sent to 1-7 million married women 
together with a brief accompanying letter explaining its purpose 
and, for obvious reasons, emphasising the fact that the in- 
formation disclosed on the form would remain ‘strictly con- 
fidential’. Two successive follow-up letters were used where the 
enumerator who called to collect the schedule had been told that 
the woman was unwilling to complete the form and another 
letter where the enumerator had called three times without 
gaining any response. This tactful approach was necessary since 
the census was voluntary; unlike the population census the 
government had no power to compel people to complete the 
schedule. In the event some 87 per cent of the 1-7 million women 
covered by the enquiry returned the form. 

A feature of this form is the great care devoted to making it 
both simple and attractive; a commercial artist was employed to 
design it. The lay-out is especially good, the separate sections 
covering the woman herself, her children and her husband. On 
the whole the individual questions were very simple and in- 
correct answers would only arise from utter carelessness or a 
desire to mislead. Note the footnote in question 7a where 
detailed information is asked about the husband’s work. This is 
a result of the experience of population censuses where the 
question on ‘occupation’ is a serious source of error. 

3. The ‘Farm Survey’ form. No. B496/E1 is an interesting 
example of the detailed information which can be collected and 
compared, using interviewers who have been given explicit 
instructions. Section A could be answered by any farmer; but 



ROYAL COMMISSION ON POPULATION 


FANILY CENSUS — Strictly Confldeiitlal 

If you care to fiii up this form yourself, please do so arul give it can^leted to 
the Royal Commission Emanerator who will call to see you. If you prefer it, 
the Enumerator will be glad to fill up the form for you or help you with any 
difficulties you may have. 


For Official Um 
omy 


YOURSELF 

1 Are you now Married or Widowed 

or was your last marriage ended by } Please state which 
Dimree? ) 

Please m 

clearly an 

trite 

dtnfull 

2 When were you bom? 

Month 

Year 



3 For those who have been Married Once Only: 
id) When wen you married? 

ib) If your marriage has ended - when did it end? 
iBy death of your husband, or divorce — NOT separation) 

Month 

Year 

■■ 

■1 

SB 

B 

4 For those who have been Married More Than Once: 

(a) When were you First Married ? 

ib) When did your First Marriage End ? 

Month 

Year 

miiii 


■■■■ 


YOUR CHILDREN 

5 (a) Number of Children Bom Alive. 1st child 

Beginning with your first born child - 
enter, in order of birth, the date of birth ** 

of EVERY LIVE BORN CHILD you have had- 
whetiter or not the child is stUI living. *• 

Do NOT include still-births or miscarriages. 

TH fttis if^oois tuftna 

Month 

Year 
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rate line for every child bom alive. Sth „ 

Step-children or adopted children should 

NOT be counted. 6th „ 




HE 

(b) No Children | j 7th „ 

If you have not borne a living I j 

child, write nil in this box. 1 1 Sth 


■i 



9th „ 

Note: For those who have had more than 10 
children there are more spaces nn the back. lOth 


B 


zn 

6 Of your children Alive today, how many have not yet read 
Sixteenth birthday? 

iOnlv children BORNE BY YOU and under 16 - evet 
are living away from you) 

led their 

If they 

1 


F.O. 


S.N. 


M 

1 

M 

2 

MM 

3 

MM 

4 

W 

5 

W 

6 


1 P 

WM 1 

2 £ 


3 OA 


4 S 

HI 

5 WE 

X AF 1 


3 


4 


L.C. 


Ttr 


INTERVIEW 

DATE 


YOUR HUSBAND 


If possible, discuss this section with your Husband 


7 (a) What is your Husband’s Occupation? 


(b) Is Your Husband- 


(c) Esoployor’s 


ilf he is retired, out of work, or dead ~ state 
his former occupation) 
ilf he Is temporarily in the Services - state 
former occupation. If no former occupa- 
tion - put * Armed Forces*) 
ilf he is a regular Sailor, Soldier or Airnum 
- state which, and his rank) 
ilf you have been married more than once - 
the answer should refer to your FIRST 
husband) 


1 An employer of 10 
or more people? 

or 

2 Working for him- 
self or employing 
LESS than 10 
people? 

or 

3 Employed and 
earning a monthly 
salary? 


ilf your husband is 
NOT himself an 
employer or work- 
ing for himseU^) 


Note: Please describe the kind of work your hus- 
band does in as much detail as possible. For 
example; if your blteband Is an Engineer, it will 
help us if you canmy eicactly which kind he is. 


4 Employed and 
earning a weekly 
or other wage? 

PLEASE PUT A KINO 
ROUND THE NUMBER 
WHICH APPLIES 
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Fonn No. B496E./I 


FARM SURVEY 



5. Has farmer grazing rights . Yes 

over land not occupied by 

him? .. 

If so, nature of such rights: 


B. CONDITIONS OF FARM 

I. Proportion ' Heavy Medium Light ' 

(%) of area ! 

on which 
soil is . . ‘ 

2. Is farm conveniently laid out? 

Yes . . 

Moderately 
No . . • 

3. Proportion (%) of Good , Fair 

farm which is natur* 

ally . . . . 

4. Situation in regard 

to road . . . , ' 

5. Situation in regard 

to railway . . 

6. Condition of farm- 
house . . . , 

Condition of build- 
ings . . . . 

7. Condition of farm 

roads . . 

8. Condition of fences 

9. Condition of ditches j 

10, General condition 

of field drainage . . ! 1 — 

11, Condition of cot- , 
tages 


12. Number of cottages within farm - 

area . . . . - 

Number of cottages elsewhere . . - 

13. Number of cottages let on service ' 

tenancy . . 

14. Is there infestation with: Ves 

j Yes No : rooks and 

rabbits and I ; wood 

moles ! ' pigeons 

rats and ; 'otherbirds 

mice ) ; insect pests • 

15. Is there heavy infestation with ' j 

weeds? . . i 

If so. kinds of weeds: 


16. Are there derelict fields? . . 
If so. acreage 


Code No 

County 

District 

Parish 

Name of holding 


Name of farmer. . , 
Address of farmer 


No. and edition of 6-inch O.S. Sheet contain- 
ing farmstead 


C. WATER AND ELECTRICITY 

Water , Pipe , Well ■ Roof j Stream ‘None 

f- farm-' 


2. To farm 


3. To fields 


4. Is there a seasonal shortage 
of water ? 

Electricity supply: 

5. Public light 

Public power 

Private light 

Private power 

6. Is it used for household pur- 
poses? 

Is it used for farm purposes? 

Yes : No 

» , 


D. MANAGEMENT 

1. Is farmer classified as A, B or C? . . 

2. Reasons for B or C." 

old age , . — 

lack of capital . , — 

personal failings 

If personal failings, details: 


' Good’ Fair \ Poor ; Bad 

3. Condition of ! 

arable land . . 

4. Condition of j i 

pasture 1 1 

5. Use of ferti- To some Not at 

Users on : Adequate extent all 

arable land 

Field information recorded by 


Date of recording .... 
This primary record completed by 
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clearly question 2 in Section B must be capable of a standardised 
answer, i.e. all interviewers must have a clear ruling as to the 
difference between ‘Yes’ and ‘Moderately’. Similarly, the 
answers to Section D would also require care to ensure that the 
grades A, B and C were uniformly applied, not merely as 
between different farmers by the same interviewer, but more 
especially by different interviewers. This is a highly relevant con- 
sideration since the staff of field workers, both paid and volun- 
tary,- was drawn from the staffs of the County Agricultural 
Committees, and they had no statistical expertise. According 
to the National Farm Survey report, the usual procedure was for 
the recorder to carry out a general lour of inspection and answer 
the qualitative type of question, e.g. condition of farmhouse, 
while the farmer himself provided the quantitative information, 
e.g. number of cottages. The report admits the lack of standard- 
isation of qualitative data, due to inexperienced staff. For 
reasons given above the classification is seriously affected by the 
differences in local standards and experience, and comparisons 
on a national scale are for this reason unsatisfactory.^ 

4. The final schedule is to be used for all firms in the census 
relating to the year 1958 which will be carried out during 1959. 
Note that all firms receiving it are expected to complete the first 
set of questions. The small firms who did not return the earlier 
schedule reproduced on p. 27 will now have to eomplete the 
first two boxes. The remainder of the first page of the sched- 
ule relates only to firms with more than one establishment. 
The reverse side of the schedule depicted on p.32 contains 
twenty-eight questions classified under 8 headings. All the 
questions asked should be fairly easy to complete since they 
entail no more than extracting the relevant figures from the 
company’s financial records. This form is used for the larger 
establishments which it may be assumed possess an accounts 
d^artment which can be relied upon to furnish the information 
required without much trouble and with reasonable accuracy. 
The spirit of co-operation does seem to vary, however, from 
firm to firm! 

If there is a serious criticism of this form it concerns the 
footnote asterisk on the front page instructing the reader to refer 
to note 15 as well as note (i) on the second page asking that the 

1 National Farm Survey of En^nd and Wales. H.M.S.O.. 1946. pp. 3-6. 



CmSUS OF PRODUCTION FOR 1958 


MOTOR VEHICLES AND C¥€LES (MANUFACTURING) 


INFORMATION COPT 


NOT TO BE 


COMPLETED 


[ The above Bumbare 
ahould bequoeed in 017 


Board of Tnule. 
Census Office, 
Lime Graven 
Easteote, Ruiriip. 
Middles^ 


CONFIDENTIAL 


I Pioiier9800Eat.28 

t or address shown above is incorrect anjitrespect, please correct it. 

DETAILS OF BUSINESS 


To bo tpmpkud by ALL FIRMS 

1. State the name of the firm carrying on buaineas at the sbove 

estabUshinent 

2. State the principal trade or business carried on at the 

establishment 

3. If your firm is a limited company, state the address of its 

regatered office. If it is not. sute the full nanie(s) of 

prDpriettMr(s) 

4. If you have ceased to carry on business at the above establish- 

Bkeot, state here the date wlien you ceased 

5. State the year of return (tee note 8). Twelve months ended 195 

6. Has any capital expenditure been incurred at any establish- 

ment, under the same control as that covered by this return, 

which had not begun production by Slat Dec^ber, 1958 

and for which, therefore, a Census of Production return has 

not been completed? If so, sute its address here. 


SMALL FIRMS 

To bteomfilotad by firms that emphyed FEWER THA^ TWEN1*Y-FIVE PERSONS on the moorago during 1958. 

Naturs of work done 

Avenge* number of penoiu employed during 1958 inside and outside the factory or workshop: 

Males ( ) Females ( ) 

Include woiking proprietors and clerical staff. Exclude outvrorkera. 

All T t m a a muat be signed at the end but the detaib in thorestof the return shouid be cempieted onfy by firm thateu^ayed 
TWENTY-FIVE OR MOKE PERSONS on the average during 1958. 


ESTABLISHMENT TABLE 

To be completed if this return covers more than one esubliahment (tee motet 7(a) and 9) 
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CONFIDENTIAL 


(i) Fkaw read die notee eent whh the fona before completing the retutn 
(ii> All iigurei should relete to the year of return 

(iii) State values to the nearest £ 

(iv) Do not leave blaaks ; where none state ** none " 


1 WORKING PROPRIETORS 
(sM notw 10 and 11) 


1. Number : Male . 




11 EMPLOYMENT («m notes 12-15) 

A. Number of p o r ao ua employed in the 
pey-week ended on or about 25th 
October, 19511 

(i) Operatives: 


V WORK GIVEN OUT (iw notes 21-23) 


16. Total amount paid £ . 


VI I'RANSPORT PAYMENTS 
(sM notes 24-^) 


17. Total amount paid 

(or credited) £ . 


VII .STOCKS (see notet 27-33) 
Materials and Fuel: 


(ii) Administrative, technical and clerical 
employees : 


18. At beginning of year £ . 


19. At end of year 


B. Average* number of persons on the 
pay-roll: 

7. Operatives 

8. Administrative, technical and clerical 


111 WAGES & SALARIES {see notes 16 and 17) 
A. Paid during the year to: 

9. Operatives £ 

10. Administrative, technical and clerical 
employees £ 


B. Salaries, etc. paid to administrative, 
technical and clerical employees in 
October, 1958: 

(i) Staff paid monthly : amount paid 
for October, 1958. 


Work in progrem: 

20. At beginning of year £ . 


21. At end of year 


Products on hand 
for aale: 


22 At beginning of yeai £ 


23. At end of year £ 


VIII rAPM AL EXPENDITURE 
(see notes 34-40) 

Plant, Machinery and Vehicles 
Coat of itema acquired: 

24. Plant and 

machinery £ 


(ii) Staff paid weekly : amount paid for 
week ended on or about 25th 
October, 1958. 


Proceeds of itema disposed of: 
26. Plant and 

machinery £ 



New Building Work 

28. Cost of new budding or 
other constnictional work 
of a capital nature ebarj^ed 
to capital account during 
the year 
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accompanying notes should be read. The notes in question 
cover four foolscap pages of print and while it is highly desir- 
able on grounds of statistical accuracy that all informants should 
interpret questions in the correct manner, it is the height of 
optimism to assume that the majority of informants study these 
notes. It would have been better if such questions as need in- 
terpretation had been supplemented by a small footnote in the 
same ‘box’ explaining what is required. The present notes are 
likely to be ‘overlooked’! The census statisticians probably 
console themselves with the thought mat since most industries 
are dominated by about half-a-dozen giant concerns whose staffs 
are more accustomed to such forms, the data collected from 
them will ensure a reasonably accurate picture of the industry. 
In any case the numerous errors will probably tend to cancel each 
other out. It would be unduly optimistic, however, to pretend 
that the smaller concerns give these forms the care and attention 
they need. 

All who seek information from others should bear in mind the 
guiding principle that it is the informant who is doing you the 
favour of giving information ; it is wise policy to mak« the task 
easy for him. 



CHAPTER IV 

TABULATION 
The Purpose of Tabulation 

In no investigation of any size is the volume of collected data or 
material so small that it may be rapidly or easily assimilated by a 
perusal of the completed forms. At best only the haziest im- 
pressions may be gathered of the ultimate results, and those 
impressions may well be the reverse of the truth for it is usually 
the unusual or freak cases that stick in the memory to the ex- 
clusion of the many more ‘ordinary’ replies. The statistician’s 
hrst task is to reduce and simplify the detail into such a form 
that the salient features may be brought out, while still facili- 
tating the interpretation of the assembled data. This procedure 
is known as classifying and tabulating the data; i.e. extracting 
from the individual questioimaires the answers to each question 
and entering the replies on separate summary sheets. These totals 
are then transferred to the relevant columns of prepared tables. 

Before the summarising is commenced, the questionnaires 
should have been checked on receipt to ensure that they have 
been completed reasonably correctly.* Inevitably there will be 
uncompleted forms, and these it may be possible to complete by 
further enquiry; in other cases the replies will be useless, as they 
are either irrelevant or patently false. It requires little imagina- 
tion on the reader’s part to visualise the task involved in sorting 
several thousands of forms and tabulating their contents without 
mechanical assistance. The results of many large-scale enquiries 
would be available only long after the field work had been com- 
pleted. Fortunately the introduction of mechanical punching 
and sorting machines has facilitated the task of the statistician. 
All that is now necessary is for the information on the question- 
naires to be transferred to specially designed punched cards, the 
machines then sort the cards, tabulate and compute the totals at 
great speeds. There is, of course, the risk that the cards may be 
incorrectly punched by the operator, but this problem can be 
overcome with adequate supervision. The cost of such methods 

^ The peraon editing t|^ returned forms cannot know if they are correctly completed, otherwise there 
would be no need for the enquiry. 'Reasonably correct* in this context means that there are no 
obvious mistakes in, or contradictions betwem, the various answers. 
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is considerable and careful thought must be given to the infor- 
mation to be entered on the cards to ensure that the maximum 
information will be given out by the machines in the minimum 
space of time.* According to an article in the Journal of the 
Royal Statistical Society,* the representative of a machine ac- 
counting company was able to devise a procedure whereby the 
first results of the census of the population of Cyprus were avail- 
able within a few weeks, instead of several months, as is usually 
the case. 

The Basis of Classification 

Before the actual tabulation can be undertaken there is an 
intermediate stage, generally described as classification. The 
point has already been made that statistics is concerned with 
aggregates, the individual members of which are homogeneous. 
That is, all the items comprising the aggregate or what the statis- 
tician calls the ‘population’ are of one type, i.e., they possess a 
characteristic in common. For example, retail businesses may be 
classified according to turnover, schoolboys according to their 
heights, shares quoted on the Stock Exchange according to the 
dividend paid. The ‘characteristics’ in these cases are: turnover, 
height and dividends respectively, i.e. these constitute the link 
or basis of comparison between all the items within each group. 
These groups of individual items are usually termed statistical 
series or distributions. A more precise way of defining a series or 
distribution is that it comprises a group of items which are re- 
lated one to the other by the possession of some common charac- 
teristic. 

The term ‘series’ is usually restricted to data which have been 
collected over time. The figures of the annual turnover of a firm 
for the past decade would be described as a time series. Data 
which relate to any characteristic other than time may be classi- 
fied as spatial or attributive distributions. Whereas the time 
series indicated the turnover of a group of departmental stores 
over a period of several years, a spatial distribution may be one 
which classifies the turnover of any period according to the loca- 
tion of the sales. Thus, the turnover may be classified according 
to the departments of the stores, or on the basis of comparing 

^ J.R.S.S .4 3946, Part 111, p. 284. An article by O. Kempthomc illustrates the use of mechanical 
methods in some detail, with special reference to the National Farm Survey data. An appendix on 
mechanised punched card systems is Included at the end of this text. 

* J.R.S.S., 1947, Part II, p. 138. An experiment in census tabulation. - D. A. Percival. 
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the annual turnover of the various stores in the different towns. 
In brief, spatial distributions are concerned with location. 
The term 'attributive' covers all distributions other than time 
series and spatial distributions. An attribute is simply a char- 
acteristic; data are classified according to their attributes. As 
already explained (p. 11) these fall into two main Q^es, those 
which are capable of numerical expression, and those which are 
not. Thus, in the example of schoolboys classified according to 
height, the characteristic can be expressed numerically, i.e, so 
many inches. But if the boys are being graded by the school 
doctor on the basis of their general health and physique, they 
could only be classified somewhat as follows: excellent, good, 
fair, and poor. The first example of an attribute, which can be 
expressed in quantitative terms, i.e. height in inches, is termed a 
variable: the second type of classification is based on the 
attribute itself, i.e. a quality incapable of being measured in 
numerical terms, such as ‘good health’, and is given that name. 
These points have been repeated because they are relevant not 
merely to classification ; they also affect the type of tabulation 
used and the form of diagrammatic representation of the data. 

The Construction of Tables 

The purpose of tabulation is primarily to condense and there- 
by facilitate comparison of the data. The form of the tables 
employed will vary according to the nature of the data and the 
requirements of the sur' oy. In consequence, it is not possible to 
lay down hard and fast rules which may be applied in all cases. 
It may come as a surprise to the reader to learn that the tables 
are usually drawn up before the enquiry is actually started. More 
precisely, the frame of the tables is drawn up and this has two 
advantages. First, it enables the survey team to visualise the sort 
of data they want and are going to get and second, it sometimes 
draws attention to other information which would be of interest 
and provision for such questions can then be made on the 
questionnaire. As with so many matters, common sense dictates 
certain guides which should be borne in mind in the construction 
of any statistical table if it is to serve the purpose of revealing the 
basic structure of the data. 

In no case should the table be overloaded with detail. A 
closely-printed and concentrated mass of figures may appear 
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most impressive to the casual observer, but merely compels the 
reader to do what ought to have been done by the compiler 
of the table at the outset: namely, to reduce the mass into several 
sub-tables, each bringing out a separate aspect of the data. The 
purpose of the table should be immediately apparent, i.e., it 
should have a clear and concise title, although clarity and preci- 
sion should not be sacrificed for brevity. Occasionally tables are 
encountered where the main title is amplified by a series of foot- 
notes; wherever possible, this practice^^hould be avoided. Where 
the individual figures are large, the table gains in clarity far more 
than it loses by eliminating the ‘OOO’s’ or even ‘(X),000’s’, i.e., the 
final digits. This is especially true of summary tables which are 
often inserted in the text in the body of the main report or its 
conclusions; individuals seeking detailed figures can be referred 
back to the full tables which are best put into an appendix 
separate from the main report. 

It is highly desirable in any report presenting data collected for 
that enquiry to precede the information presented in tabular 
form by a short summary of the methods of collection employed, 
in order that the reader may obtain some idea as to the probable 
reliability of the results given in the tables. If secondary data 
from other published sources are given, say for purposes of 
comparison, then a footnote should be appended indicating the 
source of that particular section of the table. Especial care 
should be taken to leave the reader in no doubt as to the unit of 
measurement: whether it be £ sterling or £ Australian, long or 
short tons, ton-miles of passenger trains, or goods trains, etc. If 
any heading is at all liable to misinterpretation, a clear definition 
should be provided as to what information is included under 
that head. Thus, the statistics published by the Home Office of 
‘persons proceeded against for drunkenness’ do not include 
those persons charged with ‘driving imder the influence of 
drink’ ; these are incorporated with offences against the Highway 
Act. 

Simple Tabulation 

To illustrate the normal procedure in tabulation, the data 
given in Table 1 relating to the individual outputs of 180 workers 
producmg a certain manufactured article are set out with the 
smallest output at the beginnmg of the group, and the largest at 
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the end, i.e., in order of magnitude. Such an arrangement of the 
data is known as an ‘array’. Inspection of the table reveals that 
the minimum and maximum outputs are 501 and 579 respec- 
tively. The difference between these two quantities is described 
as the range. Apart from the range, it is impossible without 
further careful study to extract any exact information of any 
value from the table. By breaking down the data into the form of 

TABLE 1 

GREAT PRODUCERS LTD. 

Individual Outputs of 180 Female Operatives in Plant 1, in the Week 
ENDING 8th November, 1958 


501 

520 

534 

540 

547 

555 

503 

522 

535 : 

542 ; 

547 

557 

503 

522 

535 

542 

547 

557 

504 

523 

535 

542 

547 

557 

506 

523 

535 

542 1 

547 

559 

507 

524 

536 

542 1 

548 1 

559 

507 

525 

536 

542 ! 

548 

559 

509 

525 

537 

543 j 

548 

559 

510 

526 

537 

543 

548 

559 

511 

526 

537 

543 

549 

561 

511 

527 

537 

543 

549 

561 

513 

527 

537 ! 

544 

549 

561 

515 

527 

537 

544 

549 

563 

515 

528 

538 

544 

550 

563 

515 

528 

538 

544 

550 

563 

515 

528 ! 

538 

544 ! 

550 

564 

515 

i 528 

538 1 

544 i 

550 

565 

515 

528 

538 

545 ! 

551 

565 

517 

528 

: 539 

545 j 

551 

565 

517 

530 

539 

545 

551 

567 

518 

530 

539 : 

545 

551 

567 

518 

' 532 

539 

546 

1 552 

567 

519 

532 

539 i 

546 

! 552 

569 

519 

532 

539 

546 

' 552 

569 

519 

532 

539 

546 

553 

569 

519 

532 

539 

546 

553 

572 

520 

532 

540 

546 

553 

! 574 

520 

534 

540 

547 

1 553 

! 575 

520 

534 

540 

547 

i 555 

1 577 

520 

534 

540 

547 

555 

i 579 


Table 2 below, however, certain features of the data become 
apparent. Thus, by setting the number of workers producing 
each individual quantity against that figure, a more intelligible 
picture is provided. Even a superficial scrutiny of Table 2 reveals 
that the ouputs from 537 to 547 inclusive occur most frequently. 
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Sucli a table is known as a frequency distribution. It is so des- 
cribed beraiise it indicates the frequency or number of times 
each individual output figure occurs. More precisely, it tabulates 
the frequency of occurrence of the different possible values of 

TABLE 2 


Fr^uency Distribution of Outputs detailed in Table 1 


Output 

; Frequency ' 

Output 

, Frequency ; 

Output 

: Frequency 

501 

i j :■ 

527 

3 . 

550 

4 

503 

2 : 

528 

6 

551 

4 

504 

! 1 

5.30 

1 2 

552 

' 3 

506 

1 

532 


553 

4 

507 

' 2 

534 

4 

555 

3 

509 

i 1 

535 

4 

557 

3 

510 

I 

536 

2 

559 

' 5 

511 

2 

537 

6 

561 

3 

513 

' 1 

538 

5 

563 

3 

515 

6 

539 

8 

564 

1 

517 

i 2 

540 

5 

565 

3 

518 

i 2 

542 

6 

567 

3 

519 

4 

543 

4 

569 

3 

520 

5 

544 

6 

572 

1 

522 

2 

545 

4 

574 

1 

523 

2 

546 

6 

575 

1 

524 

1 

547 

8 

577 

» 1 

525 

2 1 

548 

4 

579 

I 

526 

2 

1 

549 

4 




TABLE 3 

Grouped Frequency Distribution. Daia from Table 2 


Output No. of Operatives 


(Units per operative) i 


500— 9 

8 

510— .19 

18 

520—29 ! 

23 

530—39 

37 

540-49 ’ 

47 

550—59 1 

26 

560—69 

16 

570—79 i 

5 

l 

180 


any given variable. Nevertheless, even after this simplification, 
since there are still too many figures to assimilate, the conven- 
tional procedure is to construct a frequency table as in Table 3. 
The data in this form are sometimes described as a ^grouped* 
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frequency distribution.' Instead of the ‘frequendies’ of eadh out- 
put being shown separately, the range (difference between maxi- 
mum and minimum outputs) is sub-divided into smaller ^oups, 
usually termed ‘classes’. In this example each class comprises 
ten units of output. Thus the first class, 500-509, covers all ten 
values inclusive. In this class eight operatives had outputs of 500 
units or above, but none more than 509. In the fifth class, 540- 
549, there were 47 operatives, none of w'hose individual outputs 
was below 540 or exceeded 549. The reader can verify the figures 
in Table 3 by reference to the previous table. 

By grouping the data into the form of such a frequency table, 
the basic structure of the information is prominently revealed. 
The main body of operatives have outputs falling within the 
middle classes, and only a few operatives come within the classes 
at either extreme. In passing, it can be stated that the frequency 
table or ‘grouped’ frequency distribution is the most common 
form of presentation of numerical data, and, as will be seen later, 
is the basis of most statistical analysis. 

The same data can be presented in cumulative form, i.e., 86 
operatives each produced less than 540 units per week, 133 
op>eratives less than 550; and so on up to the last stage, when 180 
operatives each produced less than 580 units. Note that the 
‘cumulation’ may be upward or downward; the upper half of 
Table 4 is read as ‘133 operatives produced less than 550 units 
per week . . . ’ etc. ; the lower half as ‘94 operatives produced 540 
or more units per week’. 

TABLE 4 

Data from Table 3 presented in Cumula.tive Fokm 



This table yields the data to answer such questions as ‘What 
percentage or proportion of the workers produce 550 or more 
units per week ?’ In this case the answer would be 26 per cent. 

H e., X 100). 


1 The term senerally is Trequency distribution.' /.e, the samu term is usually used whether the 
data are grouped or not* 
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The Selection of ^Classes’ 

The preparation of grouped frequency distributions from the 
raw data may give rise to difficulties. The greatest of these is 
deciding the number of classes into which the series may be 
divided: e.g. in the above table there are eight classes, 500-9, 
510-9, and so on up to 570-9. This problem is directly linked with 
the second : what is the size, or, more precisely, the range, of each 
class to be, i.e. what is the class-interval? Thus, in the above 
example, the class-interval is ten units. There are no hard and 
fast rules on these points, but generally it is desirable that the 
number of classes should not exceed 1 5 or 20, depending on the 
range of the variable and total frequencies in the distribution, 
otherwise the purpose of the table, the reduction of the data to 
manageable size, may be defeated. As to the size of the class- 
interval, this will depend primarily on the number of classes and 
the distribution of the frequencies. Sometimes the class-interval 
is easily determined, e.g. if families are being classified according 
to the number of children in each, then the class interval is 
clearly one child. The frequency table heading would read : 

I Number of children per family [ No. of Families t 

There are no set rules which if followed will ensure good tabu- 
lation in all cases. The student should at all times bear in mind 
the two main needs of tabulation work. First the table must be 
comprehensible in that it reduces the data to manageable pro- 
portions, and second, the content of the table is clearly yet 
simply defined in the title and column headings. In brief. Table 1 
on p. 39 may have its uses for detailed analysis of the factory's 
production performance; but Table 3 is far more comprehen- 
sible and its content easier to grasp. Most tables should resemble 
Table 3 rather than Table 1. 

Where the individual values to be classified tend to group 
themselves around particular values, care should be taken when 
deciding upon the class-interval that such values of the in- 
dependent variable coincide as far as possible with the mid- 
points of the classes. For example, if in Table 1 a large majority 
of the outputs ended with the digit 5, e.g. 545, 555, etc., the 
classification used in Table 3 is excellent. If, however, there were 
many outputs ending in 9, 0 or 1, then it would be preferable to 
draw up classes as follows: 505-514, 515-524, 525-534 and so on. 
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This is because it is customary to regard the middle values of 
classes as the ‘average’ value of the items in that class. If, as will 
be shown in Chapter VI, calculations are to be carried out on 
the data, any inaccuracy or bias in the grouping within the class 
intervals may distort the final results. To illustrate the effect of 
using the same-sized class interval (10 units) with different 
limits. Table 5 has been drawn up showing the data from Table 1 
classified in two ways. The differences can be observed by com- 
paring the resultant distributions. 


TABLE 5 

Effects of Different Classification on Distribuhon of Data from Table 1 


First Grouping 

Frequencies 

Frequencies 

Alternate 

Grouping 





4 

Under 505 

500— 9 

8 

8 

505—514 

510—19 

18 

24 

515— 24 

520—29 

23 

25 

525— 34 

530—39 

37 

46 

535— 44 

540—49 

47 

41 

545— 54 

550_-.59 

26 

18 

555-__ 64 

560—69 

16 

11 

565— 74 

570—79 

5 

3 

575— 84 


180 

180 


1 





Further reference will be made to this matter when the various 
averages are discussed, but keeping the above principles in 
mind, the numerous types of tabulation and classification can be 
examined. Table 3 above, /.e., the frequency table, is the basic 
and most simple form of presenting data, and even the most 
complex tabulation comprises little more than a number of such 
tables brought together under one head. The more information 
which it is sought to bring into one table, the more important it 
becomes to ensure that the table remains intelligible and easily 
readable. 


Further Examples of Tabulation 

A number of tables taken from official publications are repro- 
duced in the following sections, together with comments upon 
their salient features. 
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Table 6 is an illustration of double tabulation describing the 
distribution of personal incomes in Great Britain in the fiscal 
year ended 31st March 1956. The class interval, it will be noted, 
is not even, but is adequate to illustrate the distribution of in* 
comes in this country. When the same data for the fiscal year 
1952-3 were published in the 97th Report, the class-interval was 
as follows: £250-500, 500-750, 750-1,000 etc. This illustrated a 
serious error of classification, for if such a grouping is used, it 
creates doubt as to the correct treatment, of border-line incomes, 
e.g. £500, £750 and £1,000. Are they in th^ class with those figures 
as the upper limit, or in the next class where the figure is the 
lower limit? The lower and upper limits of two successive classes 
may appear to be the same, e.g. £250 and under 500, £500 and 
under 750, etc. In such cases, however, no uncertainty arises as 
to the treatment of income of £500, 750, etc. In Table 6 the 
Revenue statisticians have avoided the earlier mistake by de- 
fining precisely the actual limits of each class. 

TABLE 6 

Distribution of Personal Incomes Before Tax 19S5-S6 


Range of 
Total Income 

No. of 
Incomes 

Total Income 
before Tax 

£ i 

OOO’s 1 

£ million 

180- 249 

2,075 

443 

250— 499 

7,500 

2,837 

500— 799 

7.300 

4,607 

800— 999 

1,800 

1,587 

1,000—1,499 

925 

1,094 

1,500—1,999 

260 

446 

2,000—2,999 

175 

422 

3,000—4,999 

104 

393 

5,000 and over 

61 

545 


20,200 

12,374 


Source: Based on Table 56 in 100th Report of the Commissioners 
of H.M. Inland Revenue, Cmnd. 341, H.M.S.0. 1958. 


When interpreting the table it should be borne in mind that 
these are, in fact, declared personal incomes. To the extent that 
a return of income is not made by various individuals who wish 
to avoid their obligations to the Revenue, or where the income 
declared is incorrectly stated, the table fails to reflect the true 
state of affairs. Since the number of individuals in these two 
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categories are relatively small in relation to the tax>paymg popu> 
lation the error is probably not significant. 

It is interesting to note that less than eight people in every 
hundred earned over £1,000 a year in 1956 and that nearly half 
the perscmal incomes were below the £500 a year level. As an 
exercise the student reader could calculate the proportion of 
incomes in each income group and their share of the total in- 
comes returned. For example, less than 2 per cent (340 out of 
20,200) receive just under 11 per cent of total incomes (£1,360 
out of £12,374). The results are interesting. 

Table 7 illustrates how neatly a great deal of data can be com- 
pressed and presented in a single table with a two-way classi- 
fication, i.e. number of incomes vertically and size of household 
incomes horizontally. It would be instructive to write a prose 
passage containing all these figures and to compare it with the 
table. The advantages of the tabular form would be immediately 
apparent. 

Table 7 explains in part why, despite the fact as revealed in 
Table 6 that about 50 per cent of taxpayers receive less than 
£500 p.a., the standard of life among many such working class 
families is high. It is clear that in more than half the households 
covered by this official enquiry, there are at least two incomes 
coming into the home. Since this sample of 12,911 households 
constitutes a representative cross-section of the community, it 


TABLE 7 

Analysis of Households in Different Income Groups by Number 
OF Income Recipients 


Number 
of income 
recipients 
in 

household 

£20 

or 

over 

£14 

but 

under 

£20 

£10 

but 

under 

£14 

£8 

but 

under 

£10 

£6 

but 

under 

£8 

£3 

but 

under 

£6 

Under 

£3 

Total 

One 

Two 

Three 

Four 

Five 

Six or over 

251 

414 

397 

250 

75 

27 

603 

1,173 

610 

159 

30 

3 

1,445 

1,593 

351 

32 

3 

1 

m 

1,034 

357 

41 

5 

688 

561 

30 

678 

69 

6,028 

4,771 

1,522 

451 

108 

31 

Total . . 

1,414 

2,578 

3,425 

2,031 

1,437 

1.279 

747 

12,911 


Source: Table 5 iH Report of an Enquiry into Household Expenditure in I953-54, 
HM.S.O. 1957. 
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may be inferred that in about one-haif of all households in the 
United Kingdom there are at least two incomes. For this reason 
it is not possible to generalise about living standards in the 
United Kingdom solely by reference to wage levels and the cost 
of living. 

Table 8 reveals yet another aspect of the community’s 
economic behaviour, for while Table 6 revealed the distribution 
of incomes and Table 7 showed what the 13 million households 
in the United Kingdom made up of ■^he 20*2 million income 
recipients had to spend each week. Tablets shows how they spent 
their money. The reader should note that these figures cannot 
be directly related to the totals in Table 6 because the latter are 
given before tax, and those in Table 8 after tax and personal 
savings. 

TABLE 8 

Consumers’ Expenditure Unfied Kingdom 1953-1957 
(£ million at 1948 market prices) 


Outlay 

1953 

1954 

1955 

1956 

1957 

Food 

Alcoholic drink 

Tobacco . . 

Housing, fuel and light 

Durable household goods 
Clothing and footwear 

Private motoring and cycling. . 
Other goods 

Other services 

Totai. 

2,492 

838 

794 

1,145 

624 

912 

:72 

638 

1,354 

2,555 

849 

811 

1,193 

714 

968 

328 

685 

1,369 

2,592 
882 
831 
1,186 
762 
1,030 
416 . 
712 
1,367 

2,630 

904 

842 

1,206 

736 

1,061 

364 

717 

1,360 

2,669 
• 921 
865 
1,207 
801 
1,074 
369 
744 
1,365 

9,069 

9.472 

9.778 

9,820 

10.015 


Source: Economic Survey 1958. Cmnd. 394. 


There are two points of interest for the statistician. The first is 
the technique of converting all the money totals into their 1948 
equivalent; in other words for any category of expenditure, e.g. 
food, changes in the annual totals reflect real or quantity 
changes in consumption. The second point concerns the source 
of these figures and their reliability. Some of these figures are 
certainly more reliable than others. For example, the Customs 
and Excise figures of the sales of dutiable tobacco and alcohol 
provide a firm basis for the figures of total consumer expenditure 
shown in Table 8. The figure for ‘private motoring and cycling’ 
is probably subject to a rather larger margin of error since it must 
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be compiled from estimates derived from various sources, e^. 
petroleum duty paid, garage turnover as shown in the Census of 
Production, licences for new cars, etc. The aura of precision lent 
to such published data by giving the annual figures to the nearest 
£ million is rather misleading. The reliability of these estimates 
varies considerably as between categories and even as between 
years for any given category, e.g. if census data are available for 
one year, it helps to give a better estimate. Either such tables 
should be accompanied by a reference to the probable margin 
of error or the figures should be approximated to the nearest £10 
million, or even £100 million. 

Table 9 presents part of the information derived from the 1954 
Census of Production. The selected table relates to a particular 
industry; the Census covers all manufacturing industry and 
similar data are published for each industry. It will be noted that 
this table relates to ‘larger establishments only’, which for pur- 
poses of the 1954 Census were defined as firms employing 
more than 10 workpeople. The table is virtually self-explanatory 


TABLE 9 

Analysis by Size of Radio and Tf.lec'ommunicaiions Industry 1954 
Larger Estabushments Only. Private Firms in the United Kincixim 


Average No. 

Establish- 

Net 

Employees 

Employed 

mcnts 

Output 

Operatives 

Others 

11— 24 

Number 

92 

£’000 

1,321 

Number 

1,433 

Number 

411 

25— 49 

104 

2,531 

2,991 

758 

50— 99 

81 

4,233 

4,491 

1,361 

100— 199 

82 

8,045 

9,014 

2,820 

200— 299 

33 

5,535 

6,083 

2,067 

300— 399 

27 

6,114 

6,442 

2,409 

400— 499 

15 

4,522 

4,757 

1,950 

500— 749 

32 

14,500 

14,835 

4,885 

750— 999 

17 

11,316 

11.449 

3,260 

UOOO— 1,499 

14 

10,930 

12.842 

4,134 

1,500—1,999 

9 

10.424 

12,192 

3,682 

2,000—2,499 

6 

9^039 

10,070 

3»247 

2,500—2.999 

3 

7,202 

6,373 

1,884 

3,000—4,999 

4 

11,612 

10,452 

5,894 

5,000 and over 

7 

31,647 

32,294 

15.511 

Total Private Firms 

526 

138,972 

145,718 

54,273 







Source: Report on the Census of Production for 1954. ■ Volume 4, Industry M 
(H.M.S.O. 1958). 
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ahtiou^ the tmn *net output’ is defined in a spe^al soise for 
this Census. It means the value of the firm’s contribution to the 
national product. More simply, it is the difference between the 
money value of the firm’s total production less the costs of 
materials and fuel used, the former costs covering all manu- 
facturing charges from consumable tools and plant repairs to 
packing materials. Note that labour costs are not deducted from 
the value of the gross output to arrive at the net output. 

Tlie data as presented in Table 9 ne^ to be further analysed 
before the full value of the information contained therein be- 
comes apparent. The student will note that the first two columns 
form an extended frequency distribution in which the indepen- 
dent variable (or characteristic) is the number of employees. 
The reader might try to compress the table by amalgamating 
certain classes to bring out the most important groups in terms 
of output. The relationship between ‘operatives’ and ‘other 
employees’ for differing sizes of firm also varies quite significantly 
and calculation of a few percentages may suggest a number of 
ideas to the student. On the other hand, it is common knowledge 
that figures of net output are liable to substantial err^r. The 
Board of Trade admits that it regularly encounters resistance on 
the part of firms asked to co-operate in the census and it is 
doubtful if the forms are completed with as much care as the 
statistician would wish. Such considerations demand extra 
special care in the employment of such statistics as these. 

One of the most important sources of statistical information 
is the decennial census of population. This is supplemented by 
a system of registration through local offices of the General 
Register Office. Table 10 shows the regional distribution of the 
population of England & Wales on the occasion of two censuses, 
those of 191 1 and 1931 . Comparable figures for 1955 are derived 
from the estimates of the population at 30th June prepared each 
year by the Registrar-General. The various regions are defined 
in detail in the official reports and for purposes of this table the 
G.R.O. has had to compile the figures for the two earlier dates 
specially, since these ‘standard’ regions as they are known have 
been re-defined since 1939. 

From the economic or sociological point of view the table is 
interesting since it indicates the main movements over some 
four decades of the population. Changes in the percentage 
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TABLE 10 

Regional Distribution of the Population of England and Wales, 


1911. 1931 and 1955. 


Standard Region 

1911 

1931 

1955 

Number 

OOO’s 

Per 

cent. 

Number 

OOO’s 

Per 

cent. 

Number 

OOO’s 

Per 

cent. 

Northern . . 

East and West Ridings 
North Wertern 

North Midland 
Midland . . 

Eastern 

London and S. Eastern 
Southern . . 

South Western 

Wales 

2,816 

3,560 

5,780 

2,640 

3,275 

2,099 

9,107 

1,864 

2,509 

2,421 

7 8 
9*9 
160 

7 3 
90 

5 8 
25-2 
5*/ 

7 1 
6-8 

3*041 

3,920 

6,196 

2,946 

3,743 

2,424 

10,339 

2,135 

2,615 

2.593 

7-6 

9 8 
15-5 

7 4 

9.4 

6 d 

25-9 

5-3 

6‘5 

6 5 

3,160 

4,106 

6,449 

3,456 

4,512 

3,316 

10,962 

2,804 

3,073 

2,603 

71 

9-2 

14 5 
78 
W '2 
7-5 
24‘7 
6-3 
6-9 

5 9 

England and Wales 

“i6,071 

1000 

39,952 

1000 

44,441 

100-0 


Source: Annuai Abstract of Statistics No. 93, Based on Table 11. 


figures for each area indicate the extent to which the relative 
importance (as measured solely by the population size) of these 
regions has fluctuated. One further point on tabulation should 
be noted. By printing the columns of percentage figures in italics, 
the readability of the table is improved, not least because com- 
parison between related columns, e.g. the three percentages for 
any area is made much easier. 

Table 1 1 is interesting not merely as a table which presents 
much data of considerable interest, but it also illustrates some of 
the weaknesses of tabulation when a lot of information has to be 
compressed into a single table. Only a part of the full table pub- 
lished in the 100th report of the Commissioners of Inland 
Revenue is given; only that part relating to estates of deceased 
persons valued between £50,000 and £500,(X)0. The grouping of 
the estates by value does not coincide with the classification used 
for rates of duty, hence in the second column headed ‘Rate of 
Estate Duty payable’ two figures are given in two classes. The 
headings of the various columns indicating the types of asset held 
have to be amplified by a series of footnotes, since a number of 
the columns given in the published report has been reduced by 
combining thepa. As a general rule in tabular work, footnotes 
are to be avoided. 

c 



























TABLE 12 

Output, Attendance and Productivitv of All Wage-Earners in Deep-Mined CJoal Production 
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Table 12 is an interesting example of the need for ensuring 
that definitions remain unchanged in any period over which 
comparisons have to be made. In the table every single series has 
been affected by some change in definition or policy that makes 
comparisons or interpretation of changes a task needing great 
care. In such cases footnotes are essential, but as the reader will 
see, this table requires very careful study to avoid errors in 
interpreting the data. The Ministry of Power have attempted to 
eliminate some of the breaks in continuity by providing ad- 
justed series but they say that owing to the lack of precise 
information relating to the effect on previous years of changes of 
definition the adjusted figures should be accepted with reserve. 

As a practical example of the problems that can arise con- 
sider the figures in a little more detail : 

Col. I. Saleable Output: 1951-1955 refers to calendar years sub- 
sequently to 52 week years. 1951-2 figures refer to all coal 
mines in the country while 1953 and subsequent figures 
relate to N.C.B. mines only. 

Col. 2. Saturday Output: As for Col. I , and in addition Saturday 
working was suspended in 1958. 

Col. 3. Average Wage Earners on Books: From 1954 a new defini- 
tion of what colliery activity consisted, and a new method of 
counting men on books was introduced. 

Cols. 5 and 7. Manshifts Worked: As for Col. 3. 

Cols. 8-1 1. Absence Percentage: As for Col. 3 and in addition as 
medical certificates were no longer required for some absence 
after 1st June, 1957, the subsequent voluntary absence in- 
cludes some absence that was previously classed as in- 
voluntary. 

Col. 12. Output per manshift worked: The unadjusted figures are 
affected as in Col. 3 above. 

At first sight Table 13 is extremely complex and to that extent 
deserving of criticism. It is taken from the very informative 
report of the Commissioners of H.M. Inland Revenue and is 
designed to provide the interested reader with a great deal of 
information. In fact, most students of taxation would be in- 
terested only in a part of this table. Table 13 is in effect four 
tables in one. The first relates to the number of surtax payers in 
each class of income. These classes, it will be noticed, are uneven 
in size, the class-limits being determined by the levels at which 



TABLE 13 

Surtax 1955-56: Analysis of Surtax Cases by Reference to Ratio of Earned Income to Total Income in Ranges of 

Total Income 

(Assessments made up to 30th June 1957) 
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Total 

1 

87.070 

1000 

P 

65,588 

1000 

§1 

rr» 

18,355 

lOOO 

ooc^ 

51 

8,516 

1000 

II 

S6 

i 

mo 

51 

R| 

r 

Numbers where the percenugc ratio of earned income ro total income is: 

8 

1 

1 


P 

r-i 

r;l>p 

f*» *r% 

5,405 

294 



1,013 

220 

771 

21-2 

SI 


r 

1 


10,669 

123 

8,560 

141 

9,506 

14 5 

4,189 

130 

S2 


5^2 

B 

IS 

B 

«'o 

oeOk 

m 



5,210 

60 

5,479 

90 

6,050 

92 

3,031 

94 

■^o 

;gds 

1,563 

86 

1 

1 

1 

B 

120 

24,507 

81 

o 


3,409 

39 

2*^ 

ro 

VOOv 

2,356 

7 3 

sc 

0»N 

mo 


SOOV 

Jn*^ 

150 

5-5 

mm 

2'«‘ 

IS: 

o 

4 


2,387 

2-7 

O OO 

fT 

r»i 

m Ok 

■ 


SOSO 

S'O 

VCOQ 

oo in 
^'O 

aS 

SC<N 

S'® 

IS 

1$ 

m 


21,18 

24 

1,664 

2-7 

m K. 

IN 

1,677 

52 

S'b 

o'=* 

so in 
in'® 

?l'o 

1 

B 

'♦•K 

P 

! 

o 

ro 


r*C> 

.-Tr^l 


of 


OOO 

oo ^ 

996 

55 

S^'O 

1 

240 

66 

21 

144 

59 

6*- IN 

Sm 

ON 

O 

ro 

! 

S 


1,640 

1-9 

00 ‘O 

— oo 

H'*' 

•nis. 

f'l «n 

491 

5-8 

8 

S©oo 

S'® 


00 Oo 

S'® 

SO Ok 

00 

s 

i 


1,661 

19 

00 o, 

•Til'-, 

ICA, 

s 

sc'’^ 

oo rrj 

rs >»• 

^•n 

IN*^ 

245 

6-7 


2«o 

m*^ 

oo 

5 

01— 0 


10,606 

12-2 

8,066 

13 2 

•r» ^ 

oC 

5,231 

163 

3,278 

179 

OO o 

In 5 

rn 


I 

moo 

IN^ 

SS5 


Range of total income 

Not 

Exceeding Exceeding 
£ £ 

2,000 2.500 

Per cent. 

2,500 3.000 

Per cent. 

3,000 4,000 

Per cent. 

4,000 5,000 

Per cent. 

c 

21 

VO 

in 

6,000 8,000 

Per cent. 

8,000 10,000 

Per cent. 

10,000 12,000 

Per cent. 

12,000 15,000 

Per cent. 

15,000 20,000 

Per cent. 

20,000 

Per cent. 

All ranges 

Per cent. 


Source: lOOih Report of the Commissioners of Inland Revenue, HM,S,0, Cmnd. 341, 


















































54 


STATISTICS 


the rates of surtax change. This first table then is given by the 
vertical classification by incomes together with the figures in the 
last column (excluding those in italics). In effect, the first line of 
such a table would read: £2,000-2,500: 87,070 incomes. 

The second suggested table could be made up from the first 
horizontal line, reading 0-10 per cent., and so on, together with 
the numbers (ex. italics) along the base. The first line of such a 
table would then read: 0-10 per cent.: 45,817 incomes; meaning 
that in each of those incomes up to IQ per cent, of any indivi- 
dual income was ‘earned’. In the terfhinology of the Inland 
Revenue, this term applies to income or profits derived from an 
employment, trade, or profession. The balance of the income is 
‘unearned’, meaning that it represents dividends and interest re- 
ceived on invested capital. 

The third possible table can be formed by using the detailed 
analysis in the body of the table. For example, a distribution 
based on the proportion ‘earned’ in any particular income class, 
i.e., the horizontal line relating to, say, £3.(X)0-£4,(X)0; indicating 
that 4,496 such incomes arc earned to the extent of between 60- 
70 per cent., and so on. A similar analysis using anji, of the 
vertical columns is equally possible. Finally, in addition to all 
these suggested tables in which the absolute number of incomes 
are given, tables utilising the appropriate percentage figures may 
be constructed. The value ol the percentages, as the table stands 
at present, lies in the fact that it becomes possible to compare 
the distribution of the earned prt)portions within the various 
class^ of income (horizontally). 

For example, in the column 30-40 per cent there are 324 
incomes of between £10,000 and £12,000 and only 191 incomes 
of between £15,000 and £20,000. Yet the first figure represents 
the same proportion of all incomes in that particular class by 
size as does the second. They are both 7* 1 per cent. The student 
reader may care to prepare such abbreviated tables as have been 
su gg ested and drawing such conclusions as may appear relevant. 
One criticism that can be made of the table, however, is that the 
percentage class limits are indeterminate. It will be noted that if 
the ratio of earned income to total income fell exactly on the limit, 
e.g. 10%, that particular income could be counted in either the 
0%-10% class or the 10%-20% class. It may be argued that 
there will be relatively few incomes coinciding exactly with these 



TABLE 14 

Disposals of Indigenous and Imported Coal for Island Consumption by Grade and Main Consumer in 1957 
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(b) excluding N. Ireland Service Depts., Waterworks and non-mdustnal establishments and coastwise bunkers. 







56 


STATISTICS 


limits but it still does not alter the fact that this constitutes an 
error in defining the class limits. 

Another example of a neat tabulation is given in Table 14, 
taken from the Ministry of Power’s Statistical Digest. It is de- 
signed to classify the various grades of coal sold according to the 
main home consumer groups. It is subdivided to illustrate the 
proportions of the total consumption of each main consumer 
group of the various grades of coal (the percentages add up to 
100 crosswise). It shows in addition the actual tonnages con- 
sumed which brings out such facts that ihdustry, although con- 
suming only about 20 per cent of total small coal used, pur- 
chases this grade for nearly half its total requirements. 

A more unusual form of table is shown in Table 1 5 taken from 
the Ministry of Labour Gazette for August 1958. It shows an 
analysis of answers to questionnaires sent to nearly 7,800 people 
who entered Industrial Rehabilitation Centres in 1 956 and com- 
pleted their courses there. Six months after they had completed 
their courses they were asked by means of this questionnaire 
whether they were satisfactorily placed in employment. Those 
who were recorded as being ‘in training’ were in fact taking a 
further course under the Ministry’s Vocational Training scheme. 
The table itself provides an example of the way in which almost 
any type of numerical data can be portrayed in a clear-cut 
fashion. 

One interesting lesson that can be learnt from Table 15 is the 
need to enquire closely into the definition of categories in tables, 
particularly if they are of a qualitative nature, even though they 
may appear quite clear at first sight. Thus it appears from the 
table that the medical groups that had the greatest difficulty in 
retaining employment (recorded in the column ‘Not in employ- 
ment at date of enquiry but some work since course’) were those 
suffering from mental or nervous disorders; with the notable 
exception of those in the ‘able-bodied’ group. However, on closer 
investigation, one finds that although these people were sent to 
the Rehabilitation Units as being ‘able-bodied’ upon medical 
examination after arrival nearly 90 per cent were found to have 
some disability which in half the cases was of a mental or 
nervous nature. Therefore the high proportion of able-bodied 
who had difficulty in retaining employment is not inconsistent 
with the general concept that it is the mental or nervous type of 
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Source: Ministry of Labour Gazette^ August 1958. 
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person who had the greatest difficulty in retaining employment. 
It may be of interest to consider the effects of other factors on 
people using these units, e.g. comparative youth of the cases of 
respiratory T.B., previous education and employment, un- 
settled compensation cases, etc. 

Table 16 is a slightly more complex example of a classification 
and analysis used in the preceding table. The reader should note 
the initial classification of the women according to whether they 
lived in textile areas or elsewhere, since, it may be assumed that 
their attitudes will be different from one Smother. The next most 
important Sub-classification is whether the woman was single or 
married ; clearly an important consideration when trying to recruit 
women into industry. Finally, these groups are again classified 
as ‘experienced’ or ‘inexperienced’. It will be apparent that this 
3-stage classification might well have been differently arranged. 
For example, the table might have started by classifying the 
women as married or single, then dividing these two groups 
according to whether they lived in a northern area or not and 
then by their experience. The actual classification employed 
depends on what characteristics are the most significant ;^n this 
case it is clear that the woman’s background of life in a textile 
area or elsewhere was a more important factor than anything else. 
Note too the frequency of the reason ‘ Health grounds’ given for 
not entering the industry; tliis almost certainly was frequently 
used to conceal the real attitude to work in the textile industry. 

The final example. Table 17, is included as an illustration of an 
‘over-loaded’ table. The data in this case are far more difficult to 
extract than in the previous examples, due to the mass of detail 
which has been introduced. By sectional rulings and sub-totals, 
the reader is enabled to trace a path through the mass of data, but 
the table provides a useful indication of the probable limits of 
human capacity to grasp large quantities of data. It would have 
been helpful if the main heads had been extracted and formed 
into a smaller summary table, thereby enabling the main fea- 
tures to be picked out more easily. It would also have helped if 
the money totals had been rounded to the nearest ten thousand. 

The foregoing examples of tables covering a wide variety of 
data from the economic, industrial and social fields illustrate 
how well a great deal of information may be simply presented. 
There is hardly a single case where data are not more 
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Source: Mtnisiry of Labour 


TABLE 17 Value op Output op Electricity 



£ thousand 


1 Generation and 

1 Main Transmission 

1 Distribution 

Tout 


1955 1 

1956 

1955 1 

j 1956 

1955 

1956 

Sales of electricity: 







To consumers (d) . . 

6,884 

8,931 

381.829 

438,566 

388,713 

447.497 

Within the industry 

262,020 

302.279 

262,020 

302,279 



— 

Steam and hot water 

691 

781 



691 

781 

Ashes 

185 

269 



185 

269 

Scrap metal 

202 

267 

1,376 

1,508 

1,578 

1,775 

Other out sold 


9 

13 

9 

Total 

269,995 

312,536 

121,183 

137,795 

391,180 

4S0.331 

Rents; Meter rents 



379 

365 

379 

365 

Hire of appliances . . 



2.654 

2,696 

2.654 

2,696 

ToUl 



3.oL 

3,061 

3,033 

3,061 

Proceeds from sale of purchased 




appliances and sale of recon- 
ditioned appliances withdrawn 
from hire (6) 

Less Cost of purchased appli- 
ances sold and value (be- 



35,046 

28,1 17 

35.046 

28,1 17 

fore reconditioning) of 
appliances withdrawn 







from hire 

Payment forrenovationof 



27.193 

20,997 

27.193 

20,997 

appliances by other firms 
Net proceeds from resale 
of appliances . . 



75 

88 

75 

88 



7,778 


7,778 

7,032 

Work charged for: 




Installation and maintenance 







of public lamps 

Fitting and maintenance of 



2.730 

3.052 

2,730 

3.052 

wiring and appliances 

Other work charged to ct>n- 



11,966 

13,520 

1 1 .966 

1 3,520 

sumers . . 

91 

83 

4.811 

5,519 

4.902 

5.602 

Total 

91 

83 

19,507 

22.091 

19.598 

22.174 

Other work done by Industry’s 



employees (value of materials 
and wages): 







On depots, workshops, offices 1 







and other buildings : 

New construction (including 1 







extensions) . . i 

937 

1,070 

1.379 

1.280 

2.316 

2,350 

Repairs ami maintenance . . ' 

On plant and machinery: 

IJ02 

7,379 

2,861 

3,239 

3,963 

4,618 

New construction (inclviding 







complete renewals) 

2,249 

2.402 

13,523 

11,321 

15.772 

13,723 

Repairs ami maintenance 

On mains and services: 

12,88.1 

J4,X14 

9,810 

10,524 

22,693 

24,8.58 

New construction (including 







extensions and coniplcie re- 
newals) . . 

415 

538 

38.180 

37,165 

38.595 

37,703 

Repairs and maintenance 

Total new constructional 
work done (r) . . 

.5J9 

541 

6.5^0 

7,336 

7.099 

7,877 

3.772 

4.067 

53,748 


57,520 

54,469 

Total repair and maintenanct 


work done (t > . . 

Total value of output and work 

14,694 

76.399 

19,421 

21,342 

14,115 

37.741 







done (excluding repair and 
maintenance work) . . 

273.858 

316,686 I 

205.251 

220,381 

479,109 

537,067 

Less Cost of purchased | 



material and fuel used . 

157.702 

187,038 1 

44,059 

44.712 

20l,76lr/ 

231.750 

Less Transport cost.s for car- 



riage of goods outwards 

52 

46 1 

140 

133 

192 

179 

Net output 

116.104 

129,602 1 

161.052 


1 277.156 

305,138 



mmmmmmammm 

aBwaBaaaMiB 



Source: Ministry of Power Statistical Digest 1957^ Table 74 {H.M.S.O. 8958) 

(a) The amount chargeable lor the electricity actu^iy supplied excluding rents shown separately. 
ib) Includes sales on extended credit terms of £23.670 thousand and £16,101 thousand in 1955 and 
1956 respectively. 

(c) Includes value of work done between Divisions and Area Boards, details ofclass of work are not 
available. 

id) Includes £19,264 thousand in 1955 and £21,700 thousand in 1956 for carriage of goods inwards 
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satisfactorily presented by tables than by the method of 
linking the figures by a running commentary. No one who has 
listened to a speech or read a report crammed full of so-called 
statistics will deny that many headaches could have been 
saved by a simple set of figures with a separate text. 


Summary 

The construction of statistical tables is simple enough, but it 
may help the reader if the main points concerning tabulation 
are recapitulated : 

^ I . The title of the table should be concise and self-explanatory. 
The table should not be overloaded with detail. 

3. If the table is complex and cannot be broken down suitably, 
thick and thin rulings, heavy printed sub-titles and coloured 
inks will all help in clarifying the overall picture. 

4. Columns of figures which are directly comparable should be 
kept together, as should percentages or ratios relating to the 
absolute quantities. 

5. If columns are to be aggregated and the totals are significant 
for comparison, they can be put at the top of the columns 
rather than below. 

6. Units of measurement should be clearly shown, and if neces- 
sary defined. The same applies to column headings such as 
those to which attention was drawn in the text, e.g.. Table 13. 

How far the examples given in the preceding pages meet these 
requirements, the reader may judge for himselfi A little experi- 
menting to improve the layout of, say. Table 17 may help to 
drive home the main lessons ! If any reader wishes to pursue this 
topic further, the annual reports of the nationalised industries 
and public corporations provide a prolific source of information 
in tabular form. A study of the tables illustrating the text of 
Chapters XIV and XVII should also prove helpful in this respect. 

In conclusion, it may be emphasised that tabulation is not a 
dull task to be allocated to someone who can merely count. The 
final tables should be drafted only after every consideration has 
been given to Ae nature of the data, the purpose of the enquiry, 
and the way in which this stage of the enquiry may best be 
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covCTed to facilitate further work. Nothing, and least of all a 
statistical enquiry, is perfect, but there is no reason for creating 
further difficulties by indifference to simple but fundamental 
points in tabulation. 



CHAPTER V 

GRAPHS AND DIAGRAMS 

However informative and well designed a statistical table may 
be, as a medium for conveying to the reader an immediate and 
clear impression of its content, it is inferior to a good chart or 
graph. Many people are incapable of comprehending large 
masses of information present^ in tabular form; the figures 
merely confuse them. Furthermore, many such people are un- 
willing to make the effort to grasp the meaning of such data. 
Graphs and charts come into their own as a means of conveying 
information in easily comprehensible form. It is for such reasons 
that the government has produced popular versions of impor- 
tant White Papers in the form of multi-coloured booklets full of 
charts and simple figures. Such pictorial representation admit- 
tedly reduces the amount of detail that can be put across to the 
reader, but very often it is not the detail which is important, but 
rather the overall picture. For example, few citizens can give 
figures of the extent of this country’s post-war balance of pay- 
ments position, but most of them have been made aware by 
publicity employing charts that an expansion of exports is still 
necessary to pay for our foodstuffs and raw materials. 

Diagrammatic representation of statistical facts is not only 
popular with the lay public; it is also extremely useful to the 
statistician. For example, a few well designed but simple charts 
showing the trend of sales and costs will be infinitely more 
eloquent at a board meeting than a mass of detailed monthly 
figures. Even the statistician himself will employ diagrams to 
ascertain the pattern or distribution of his data because the 
character of the distribution will sometimes determine the type 
of statistical analysis he will employ. There is a large number of 
diagrammatic forms to choose from; some of the most popular 
types of chart are reproduced in this chapter. The variety does 
not arise because statisticians as a class are particularly artistic; 
the data will usually determine the type of chart used. While 
there are cert^a obvious rules regarding the construction of 
charts, the most important consideration is commonsense. A 

6 ? 
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good policy to adopt is to consider the finished diagram and ask 
what conclusions can be drawn from it. If they differ substan- 
tially from the impressions derived from a brief study of the 
actual data, then the chart should be scrapped. Some loss of 
detail is inevitable, but the chart need not be misleading. 

A good illustration of poor design is given in Figures 1 and 2 
below. Some years ago during a municipal election, one party 
anxious to impress upon the electorate its superior performance 
in house building put up a poster on the-^oardings on the lines 
of the left hand part of Figure 1 . By not drawing the base line 
upon which the vertical bars were drawn from zero, the relative 
performance of that party was greatly enhanced in the eyes of 
the casual observer. The fact that the correct figures were in- 
serted in the chart probably did little to counter the first im- 
pression. The correct method of drawing this chart is given on 
the right hand side of the Figure 1 . Some criticism can also be 
directed against the left hand chart in Figure 2, which illustrates 
an advertisement used by one newspaper to demonstrate its 

Figure J ♦ 
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popularity vis-a-vis its main rival. The vertical axis is clearly 
marked with the actual circulation figures, but once again, by 
omitting the base line and the entire lower part of the chart the 
performance of the advertiser’s paper is greatly enhanced. It is 
undoubtedly true that the one paper has in the space of two years 
outstripped its rival, but by using a different scale and re- 
designing the chart, the picture can be made to look rather dif- 
ferent. The reader should compare the right hand chart with the 
ori^nal on the left. This is also a bad i^hart, but for different 
reasons. It is badly designed with the bulk of the space wasted. 
As an exercise the student should draw a new graph. The scale 
on the left-hand graph is sufiiciently detailed to enable approxi- 
mate figures of circulation to be extracted. In this new graph, the 
vertical axis should show the origin and at a point sUghtly atove 
it show a distinctive break as in Figure 9 (page 75) up to the 
first figure of 600,000 from which point the scale can then be 
marked off. 

Pictograms 

Before discussing the various types of diagrams and their uses, 
a clear distinction should be drawn between the highly simplified 
and sometimes coloured pictorial diagrams, such as are em- 
ployed by the Government Departments to explain the economic 
situation as well as by some leading companies to bring out the 
main features of their development in the past year, to supple- 
ment the Chairman’s speech and the graphs employed in statis- 
tical work proper. Within limits, the former type, ‘pictograms’, 
as they are sometimes called, are most useful. Fig. 3a illustrates 
the annual tonnage of ships and tankers built and under con- 
struction in each of the years from 1943-48. The relationship 
between the years for the two sets of figures, Le., tankers and 
non-tankers, is indicated by the number of little ships, each of 
which represents 200,000 gross tons. 

Comparisons of this kind are often made by drawing the 
larger quantity as a larger version of the smaller, e.g., one large 
ship for 1948, and a much smaller one for 1943. The difficulty 
then arises as to how the relationship is to be determined. Is it by 
area, i.e., two dimensions, or is it by volume, i.e . , three dimensions ? 
In any case, the visual effect is generally inferior to the former 
method. This method is employed in Fig. 3b, which illustrates 
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Figure 3a 
PICTOGRAMS 



This diagram is reproduced by kind permission of the editor of 'Barclays Bank Review*. 

the post-war growth of the tanker fleet of the Anglo-Iranian Oil 
Company (now known as the British Petroleum Co.) in the 
period 1939-53. The weakness cited above concerning the com- 
parison between the relative sizes of the tankers is overcome by 
inserting the actual figure against each drawing. In fairness to 
those responsible for the original drawings, it may be mentioned 
that their effectiveness was greatly enhanced by the use of 
colour. Even in black and white, however, the story they tell is 
simple and clear. 

Pie Charts 

One of the simplest methods of illustrating the distribution of 
a particular population or aggregate is the pie diagram. This con- 
sists of two cajoles, preferably of equal area, divided into sectors. 
Fig^ire 4 showiif the age distribution of the population of England 
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This diagram is reproduced by kind permission of the British Petroleum Co Ltd. 


and Wales in 1841 and 1951. Within each circle there are only 
three sectors, the meaning of which is indicated in the key to the 
diagram. Sometimes such diagrams are drawn with a number of 
quite small sectors but this is not good practice. The essence of 
such diagrams is simplicity, three or four sectors are quite 
enough for the eye to comprehend. Opinions vary as to whether 
the percentage figures should be inserted within the diagram to 
show the relative size of the constituent sectors. Where there are 
at most four sectors the figures do clarify the picture, but if there 
are more than this number and sometimes the percentage has to 
be indicated by an arrow outside the circle to the circumference 
of the sector, the figures only tend to confuse. 

Occasionally, the two circles represent different aggregates and 
are therefore drawn with different areas. For example, the 1951 
circle could have been drawn with an area about four times as 
large as that for 1841 to indicate that the population has ex- 
panded fourfold. This again is not really good practice since the 
reader has then to consider two aspects, the relative size of the 
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Figure 4 

Age Distribution of Population in England and Wales at Census 
Dates 1841 and 1951 . 



Sources: Registrar General’s Review. 


circles which is quite difficult to comprehend, and the distribu- 
tion of their areas among the sectors. It is a good rule to keep 
this type of diagram as simple as possible; if details are necessary 
then another diagram bringing out different aspects of the data 
should be drawn. For example, we could illustrate the fourfold 
expansion of the population during the period by drawing two 
vertical bars or columns as in Figure 1, that for 1841 being 
dravm about one-quarter the height of that for 1951. Then the 
pie chart as shown in Figure 3 can be used solely to illustrate the 
change in the age structure of the population. The actual con- 
struction of the pie diagram is quite easy. Each percentage is 
converted into its equivalent part of 360 degrees; thus 60 per 
cent of 1841 requires a sector of 216 degrees, i.e., 60/100 x 360. 


Bar Charts 

A simple variant of the pie chart is provided by what is some- 
times referred to as a block diagram or bar chart. Figure 5 shows 
the distribution of students in full-time atteiidence at universities 
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Figure 5 

Percentage Distribution of Full-Time University Students 
IN Great Britain by Faculties. 
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Source: University Grants Committee Report. 


in Great Britain according to the course they are following. The 
main point of the diagram is to bring out the changed distri- 
bution and for this reason the two blocks or bars, the actual 
width is not really important, are contiguous. This facilitates the 
interpretation of the figures. As on occasion with the pie dia- 
grams, the two blocks are sometimes drawn to bring out the 
absolute change in numbers. For example, there were 49,000 full- 
time students in 1938-9 but 85,000 in the acadonic session 
1955-6. This point could have been brought out by drawing the 
second block approximately twice as high as the first, but the 
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Figure 6 

COLUMN DIAGRAM 


VEHICLE SALES 

DOMiSnC AND EXPORT 



DOMESTIC □ EXPORT BE 


Reproduced by kind permission from the 1953 Report of the Chairman of Vauxhatl Motors 
Limited. 

effectiveness of the comparison of the distribution of students 
between faculties would have suffered. Like most human beings, 
charts function better if they try and do one thing at a timel 
Figure 6 illustrates one of the most frequent uses of the bar or 
column diagram. It depicts a time series, in this case the annual 
sales of Vauxhall Motors Ltd, during the period 1937 to 1953, 
omitting the w^ years. The division of each bar to indicate the 
shares of annual output sold at home and abroad is quite simple. 
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The chart is good since it tells its story simply; the eye can 
assimilate all the information quite easily. An alternative form of 
bar diagram is given in Figure 7 which illustrates the distribution 
of bank advances and their amount for certain sectors of the 
economy. At the same time the bars for 1956 and 1957 are con- 
tiguous so that the absolute change in the volume of bank 
lending to each sector can be easily noted. The horizontal scale 
across the top of the diagram enables a rough assessment to be 
made of the volume of advances outstanding with the industries 

Figure 7 

Bank Advances - Selected Categories in 1956 and 1957. 
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Source: Economic Trends, 

shown. When the quantities to be illustrated are both positive 
and negative, e.g., annual profits and losses, the bar diagram can 
be adapted in the manner shown in Figure 8. For each year 
between 1950 and 1957 the surplus or deficit on the United 
Kingdom’s overseas current account can be read off against the 
horizontal scale at the top of the diagram. The visual impression 
is also good ; the distinction between surplus and deficit years is 
immediately apparent. In this case the bars are drawn hori- 
zontally; the same effect can be achieved by drawing vertical 
bars above and below a horizontal line marking the origin. 
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Figure 8 

U.K. Balance of Payments Current Account Annual Surpluses 

AND Deficits 1950-7. 
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OEPICIT C— ) SURPLUS 

Source: I'conomic Survey 1958. 


Charts for Time Series 

The graph for depicting time series is extensively employed, 
especially in business or any other sphere where data are col- 
lected over periods of time. Most readers will recall the principles 
underlying the construction of a graph as taught them at school, 
but some may be glad to have their memories refreshed. The 
vertical axis on the left is called the ordinate, and the horizontal 
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base line the absassa. Tt is customary to plot the time factor 
along the abscissa; for it is the independent variable. The variable 
factor is plotted along the ordinate; it is known as the dependent 
variable because it varies from year to year as compared with the 
yearasaunitoftime which is quite unalterable and ‘independent’ 
of other factors. The position on the graph of any point is located 
by the co-ordinates of that point. Thus, if we use Figure 9 for 
illustration, it is clear that in June 1952 the gold and dollar 
reserves were some £600 million. This ppint is located on the 
graph by the intersection of a vertical "line drawn from the 
abscissa where it is marked mid- 1 952, and a horizontal line from 
the point on the ordinate marked £600 million. 

Figure 9 

U.K. Gold and Dollar Reserves and Overseas Countries’ Sterling 

Holdings 1950-7. 



Source: Economic Survey 1958. 
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Both the data depicted in Figure 6 as well as those in Figure 9 
are time series. In the first diagram the data for each year were 
depicted by a bar (it could equally well have been a line) and in 
the second graph each half-year’s figure is linked with the next to 
form a continuous line across the graph. In this case the line 
graph brings out very clearly the fluctuations in the monthly 
totals and in particular makes an effective means of comparing 
the movements in the gold and dollar reserves with those in the 
oversea*' sterling holdings. But, as a rule, when a time series is 
formed by quantities which are stated at a given point of the 
year, it is better to emphasise this point in the graph so that the 
graph is not used to read off mid-year totals which are assumed 
to be reasonably accurate. For example, we could plot the annual 
number of births for the decade 1945-54 by a line chart since 
births occur all the year round. But if annual figures for that 
decade were derived from a count on a particular day of the year, 
e.g., bank advances as at June 30th, then, strictly speaking, the 
series should be depicted in the graph as a series of unconnected 
vertical bars at regular annual intervals along the base. The line 
graph for time series has many merits, not least for comparative 
purposes as in Figure 9. Therefore, the foregoing rule is often 
ignored, and at the base of the line chart is written, e.g., totals at 
June 30th, or December 31st, or weekly average for year, to 
indicate the basis on which the totals have been measured. 

The main interest in Figure 9 as an illustration of graphical 
methods lies in the use of two scales for the two series. The 
ordinate on the left is marked off in units of £100 million and 
the curve representing the reserves is read off against this scale. 
Because the sterling holdings of other countries greatly exceed 
the United Kingdom’s reserves, if the curve representing fluctua- 
tions in their size had to be plotted against the same scale, then 
the left-hand ordinate would have to be greatly extended up to 
£3,800. The sterling holdings curve would then be stuck up 
at the top of the graph and there would be a great empty space 
between the curves. This could be reduced by breaking the left- 
hand ordinate so that it consisted of two separate scales, the 
lower one reading as at present £600 — 1,300 million and abdve 
it, broken as shown in Figure 2a, a scale reading £3,200 — 3,800 
million. This would eliminate a large part of the ‘empty space’ 
created by using a continuous scale from £600 — 3,800 million 
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>vithout any break. But it would still take up a lot of space 
which in the average sized graph would entail the reduction of 
the scale used. Instead of letting on the ordinate represent 
£100 million, it would have to represent (say) £500 million. Such 
a scale would then virtually obliterate the minor movements in 
the two values. In this connection note that the two scales both 
show a break above the origins so that they can be started at 
£600 and £3,100 million respectively. Unless such a break were 
shown it would be necessary, as was the case in Figure 2, to 
plot all the values from £0 upwards along the ordinates, again 
wasting space and reducing the scale of the graphs. 

The method of plotting the two curves used in Figure 9 is ex- 
tensively employed for all the above reasons. It entails the use of 
two ordinates on a common scale so that like movements in the 
two figures are shown by the same rise or fall on the graph. By 
using two ordinates the two curves can be almost superimposed 
upon one another thereby facilitating the comparison of their 
respective movements. Had the two curves intersected at more 
than one point, they would have been more difficult to interpret. 
In such cases, the right-hand scale can be lifted bodily itp the 
graph an inch or two so that frequent intersection of the curves 
is avoided. The actual construction, however, of Figure 9 could be 
criticised on one point. The two scales are equal; i.e., the same 
vertical distance on each eqdals a change of £100m. Such a 
change is, however, of very different relative significance to the 
two totals. For example, the drop of over £700m. in both figures 
in 1952 represents almost half the reserves, but barely twenty per 
cent, of the sterling holdings, although the conclusion drawn 
from the graph as drawn is that it is an equivalent fall - as it is, 
in absolute terms. On the other hand, if the object of the chart 
is to emphasise the inter-dependence of the reserves and overseas 
liabilities, it serves its purpose. 

The data depicted in Figure 10 are the number of divorce 
petitions filed each calendar year. They are annual totals and can 
therefore be depicted by a line graph. In such cases the figure for 
each year is plotted against the middle of the interval described 
as a year along the abscissa. When a line graph is drawn for data 
given ‘as on December 31st each year’, then the point is usually 
plotted above the end of the interval occupied by the year along 
the base. In addition to the annual fluctuations in the total 
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number of petitions drawn in Figure 10, there are also lines repre- 
senting the annual totals of petitions according to the grounds 
upon which the petition is based. It will be noted that adultery 
was by far the most important reason after the war but a few 
years later desertion became a more important cause. The sud- 
den increase in the number of petitions in 1951 is due to a change 


Figure 10 

Divorce Petitions Filed Annually in England and Wales 1946-55 
(Analysis by Grounds of Petition) 
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in the divorce law which facilitated divorce for certain persons, 
not to any sudden dislike of the married state! Cruelty is still 
relatively unpopular as a groimd for divorce, although there 
seems to have been a small rise in the number of petitions on this 
ground. ‘Other’ causes are lunacy, presumed decease and rape, 
etc.; they are very infrequently pleaded. Note in this diagram 
how the abscissa has been arbitrarily ‘dropped’ below the origin 
(0) on the ordinate simply to enable the ‘Other’ curve to be put 
in and read more easily. 

The main value of this type of graph is that it brings out any 
relationship which may or may not exist betvveen the movements 
in the various values, as well as indicating the relative import- 
ance of one as against the other; in this graph the relative un- 
importance of cruelty as a ground for divorce and the extensively 
used ground of adultery. There is one danger with this type of 
graph ; it is easy to overload it with several curves which intersect 
each other sometimes more than once, so that it becomes quite 
difficult to read and follow the trend of the curves. If it is neces- 
sary to compare several times series it is better to draw them with 
a common abscissa and break the ordinate up so that each line 
has its own scale. They can then be drawn one above the other. 
Provided the vertical scale is the same for all the values plotted, 
^■g‘t to 500 petitions, £100 or whatever the dependent 
variable may be, any relationship between the series can be 
easily observed. 

Logarithinic Scale Graphs 

Changes in the annual totals depicted in Figures 9 and 10 were 
shown absolutely, in other words a movement of £100 million in 
the gold and dollar reserves took up the same space as a change 
of that amount in the sterling holdings, if the gold and dollar 
reserves rose from £1,000 to £1,100 the £100 increase would 
represent a rise of 10 per cent. If the sterling holdings rose from 
£3,300 to £3,400, a similar absolute increase as with the gold 
reserve, it would represent a rise of just over 3 per cent. In other 
words, the same absolute increase represents different relative 
changes. Occasionally it is more important to measure these 
relative changes than the absolute changes. For example, two 
firms, A and B, make profits over a period of four years as 
follows: 
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Year 


1 

2 

3 

4 

Profits £000’s 

A 

20 

40 

80 

100 


B 

140 

160 

200 

220 

Absolute increase £000*s 

A 



20 

40 

20 


B 

— 

20 

40 

20 

Percentage of relative increase 

A 



100 

100 

25 

each year on previous year 

B 

— 

14 

25 

10 


Whereas the first firm has increased its profits fivefold over the 
same period, an identical yearly rise in the second firm’s profits 
represents much smaller proportionate increases. In such cases 
, where the series extended over a number of years and interest 
centres on the rate of change in each year, that aspect of the 
series can be emphasised in diagrammatic form by the use of a 
semi-logarithmic scale graph as is depicted in Figure 11. Whereas 
the abscissa is marked off in years as on a conventional graph, 
the ordinate is scaled off with the logarithms of the values to be 
plotted. 

Figure II 

Private Car Registrations in G.B. 1946-56 L<x3arithmic Scale. 



Based on data from Table 18. 
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The data on which the graph in Figure 1 1 is based is given in 
Table 18 below. For each year the value of the dependent vari- 
able, i.e., the number of cars licenced, the logarithm has been 
written in to facilitate the construction of the graph. Since only 

TABLE IS 

Number of Private Cars With Current Licences 1946-1955 


Year 

Number 

(OOO’s) 

Logarithm 

Year 

Number 

(OOO’s) 

Logarithm 

1946 

1,770 

3*2480 

1951 ' 

^ 2,380 

3*3766 

1947 

1,944 

3*2887 

1952 

2,508 

3*3993 

1948 

1,961 

3*2925 

1953 

2,762 

3’4412 

1949 

2,131 

3*3286 

1954 


3 4914 

1950 

2,258 

3*3537 

1955 

1956 

3,526 

3,888 

3*5473 

3*5784 


Source: Annual Abstracts of Statistics. — Based on September quarter registrations. 


one scale is logarithmic, it is more correct to refer to such graphs 
as ‘semi-logarithmic’ graphs. Certain types of graph are pre- 
pared where both scales are logarithmic but they are not relevant 
here. Furthermore, because of their specialised use, the people 
who use the ‘semi-log’ scale graph generally refer to thair dia- 
grams as ‘log scale’ graphs without any risk of confusion. The 
merit of this graph is that it emphasises the rate of change. A 
constant annual increase in absolute terms, e.g., 200,000 cars a 
year more every year would, if plotted on a conventional graph, 
be represented by a straight diagonal line. With the iog-scale’, 
such a rate of growth would produce a curve w'hich after rising 
quickly would flatten out. When, as is the case in Figure 1 1 , the 
curve continues to rise at a constant rate then it signifies that 
each year the increase is proportionately as great as was the 
increase in the previous year. It is the slope of such a curve which 
is important ; the steeper the rise the more rapid is the expansion 
in the plotted variable. Note too, that there is no origin marked 
‘0’ as with the conventional graph. For this reason it is quite easy 
to plot a number of such log scale graphs one above the other, 
each with its own part of the scale. However divergent the series 
may be, for example, one may be expressed in tens of units per 
annum and another in millions, this does not create any diffi- 
culties. The log-scale reduces them all to a common base and 
measures the relative change from one year to another in each 
series, and each line is directly comparable with all the others. 














GRAPHS AND DIAGRAMS 81 

To draw such a graph one can either use specially prepared 
semi-log-scale paper so that when the actual values are ^tered 
on the scale the relative increase between two large absolute 
values will take up the same space as an identical relative in- 
crease between two different and smaller values. Usually, how- 
ever, the student has no such paper. He can, however, derive its 
equivalent by setting the log scale of his slide rule against the 
ordinate and marking off the actual values. This has the same 
effect as. if he had log-scale paper. Finally, the method most 
generally employed is to extract the logarithms of the numbers 
and plot them as in k igure 1 1 above on a natural scale. That is, 
the difference between log. *2500 and log. *3000 is the same scale 
3S that between logarithm *5000 and -5500. Whichever method is 
employed, the same graph should result! 

The Histogram 

The data given in Table 3, i.e., the outputs of factory opera- 
tives, can be plotted, as depicted in Fig. 12. This diagram, com- 
prising what appears to be a series of contiguous rectangles, is 
known as a histogram. This particular diagram is commonly 
used to depict data given in the form of grouped frequency dis- 
tributions. For this type of diagram the independent variable is 
plotted along the base and the frequencies against the vertical. 
In this example the outputs per class are measured along the 
horizontal axis and the total frequencies in each class are read 
off the vertical axis. 

The histogram is most easily constructed by drawing vertical 
lines from the mid-points of each class interval to the height 
representing the frequencies in successive classes measured off 
against the ordinate. If tot lines representing the width of each 
class interval are draxj^ across the top of each vertical, which 
then forms the mid-point of each flat bar, and the limits of the 
horizontal bars joined by perpendiculars to the base, a series of 
contiguous rectangles is obtained. The a gg regate of the frequen- 
cies is represented by the total area of the histogram, while the 
areas of the different rectangles are proportional to the frequen- 
cies in the respective classes. 

This means that if the class interval is constant, i.e., the same 
throughout the frequency distribution, the frequencies within 
each class are indicated by theheight of the bar. If, however, as is 

D 
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Figure 12 
HISTOGRAM 



OUTPUT IN UNITS 
Source: Table 3. 

sometimes the case the class-interval varies, then the height of 
the bar must be adjusted. For example, the final class or two 
often contain relatively few cases so that they are often merged, 
the class interval of the final group then being twice that of all 
the other classeifC When this class is plotted in a histogram, the 
length along the base will be twice that of all other classes, i.e., 
the bar will be twice as wide because the class-interval is twice as 
large as the others. But it will then have its height reduced by 
half of the total frequencies in that class so that the area of the 
bar is proportional to all the otheji^. For the time being the histo- 
gram or block diagram as it is sometimes called may be re- 
garded as no more than another method of diagrammatic 
representation. When the principles of sampling are discussed, it 
will be seen that the tendency for certain types of frequency dis- 
tribution to conform to this rather peaked and symmetrical 
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distribution depicted in Figure 12 is of great value to the 
statistician. 


Continuous and Discrete Variables 

Suppose we are classifying households in a given town by 
reference to the number of children of school age in the house- 
hold: then we should get a frequency distribution in which the 
independent variable would take values of 0, 1, 2, 3, 4, etc., 
according to the number of children in the household. Such 
measurements are exact, we cannot have less or more than a 
whole child. The unit is clearly and unequivocally defined for us. 
Such a variable is termed ‘discrete’ as is any other variable which 
can take only certain restricted values, e.g., the distribution of 
theatre tickets sold during the week classified according to their 
individual price, c.g., 3s. 6d., 6s., 8s. 6d., etc.; the number of 
living rooms in a house, and so on. On other occasions, however, 
the limitations of our measuring rod tend to give approximate 
values. For example, if we take the temperature of a furnace at 
one minute intervals, the best readings we get will be rounded to 
the nearest degree centigrade. If we measure the height or weight 
of schoolchildren, the recorded heights and weights will be ex- 
pressed to the nearest unit practicable, e.g., or 1 pound. Two 
children may be identical in height and weight, yet the records 
show one to be shorter than the other but one pound heavier. 
The difference is partly explained by the human error in taking 
these measurements, but it is partly the fault of our height 
measures and scales which will only given an approximate result, 
e.g., to the nearest inch or pound, although in practice the 
approximation is quite adequate for normal purposes. Where a 
variable can take any value within the range of its observed 
minimum and maximum values, it is referred to as a continuous 
variable. 

The importance of this distinction between the two types of 
variable is discussed further in the chapter on averages (page 94). 
It is also relevant in discussing the appropriate form of graph for 
depicting certain data. Take, for example, the distribution of 
households by the number of children per household. A line 
graph with the frequencies plotted against the ordinate and the 
values 0, 1,2, etc., along the base would not make sense. It could 



84 


STATISTICS 


be interpreted from the chart that there were (say) 549 house- 
holds with 1 '6 children. A continuous line implies that a reading 
can be taken from the line at any point. Thus in Figure 9 
even if the actual data plotted were half-yearly totals of gold 
and dollar reserves, a reading between any two dates will still 
give a sensible if not precise result. For example, if at June 30 the 
reserves were £800m and by December 31st they totalled 
£1 ,000m, it would not be silly to suggest that half-way through 
that period the size of the reserves was approximately £900m. 

As a general rule, line charts and histograms in which the bars 
are contiguous should be kept solely for plotting the course or 
distribution of given values of a continuous variable. If the 
variable is discrete, then column diagrams, such as Figure 6, 
with a gap between each bar or column are conventionally used. 
But, in some cases the distribution is such that although the 
variable is discrete it can be regarded for practical purposes as 
continuous. The reason for doing this is that if we can assume a 
variable to be continuous, the statistician can use certain statis- 
tical techniques which are extremely useful but which lie beyond 
our purview. The point can be illustrated by noting the histo- 
gram in Figure 12 which relates, strictly speaking, to a discrete 
variable. After all, a single article produced in a factory can be 
no more nor less than one unit. But since the differences be- 
tween successive values of this variable are so small in relation 
to the value of any single worker’s output, e.g., 580 units, we are 
in the same position as with temperature recordings given to the 
nearest unit which we stated represented a continuous variable. 
The same is true of frequency distributions of money sums where 
the difference between successive recorded values of the variable 
are small in relation to the individual values themselves.^ 

Lorenz Curves 

Table 9 on page 47 gave an analysis, among other informa- 
tion, of the firms in the radio and telecommunications industry 
in 1954 by size - defined by reference to the number of em- 
ployees - the number of establishments in each size group and 
their corresponding net output. To ascertain the relative im- 
portance of the smaller and larger firms in that industry we could 
calculate the proportion of total establishments employing above 

This point is discussed further on pp. 95«6 
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a given number of employees, and the corresponding proportion 
with a smaller labour force per firm. Then for each of these two 
major groupings we could, by reference to the figures of net out- 
put, calculate the corresponding share in the total output. For 
example, 483 of the 526 establishments listed employ less than 
1,000 workers apiece, i.e., 93 per cent of all establishments. 
This proportion of establishments, however, produces only 
£58,1 18,000 worth of output in a total of £138,972,000, i.e., only 
42 per cent. In contrast, the firms employing 1,000 workers or 
more apiece represent only 7 per cent of the number of establish- 
ments in the industry, but they account for 58 per cent of its net 
output. Such facts as these for any particular size group of 
establishment can be derived by graphical methods. The graph in 
question is known as a Lorenz curve and the curve for these data 

Figure 13 

/o Lorenz Curve 
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given in Table 9 are portrayed in Figure 13 above. Note that 
both the X and Y scales are marked off in percentage terms, 

0 to 100. Another curve depicting the distribution of firms and 
their share of net output in the mechanical engineering industry 
is also shown in the same graph.^ 

The purpose of such a graph is to illustrate the degree of 
inequality in the distribution, or the concentration, of output 
within the industry. Suppose each grouping of firms by size con- 
tained 10 per cent of the number of fii^s and each group 
accounted for 10 per cent of the net output of the industry. In 
such a case, the resultant curve would be the diagonal straight 
line on the graph which illustrates perfectly equal distribution. 
As was apparent from the figures quoted above, in the radio 
industry the concentration of output in the few large firms is 
quite marked and this is brought out by the curvature of the 
line. The flatter the curve, /.e., the more closely it approaches the 
diagonal straight line, the more equal the distribution. Thus, the 
second curve for the mechanical engineering industry reveals a 
slightly less uneven distribution ; or in other words, the concen- 
tration of output in the bigger firms is not quite as marked«as it 
is in the radio industry. 

The student could draw a similar curve for the data in Table 6 
which gives the distribution of personal incomes in 1955-56. For 
each figure of incomes and total income in the second and third 
columns, calculate the percentage it forms of the total. For 
example, the first figure in the second column is 2,075 which is 
roughly 10 per cent of all incomes. Their share of total incomes is 
only £443m. out of £12,374m., or about 3-5 per cent. When each 
percentage in both columns has been calculated, cumulate the 
successive percentage figures and plot those cumulated figures on 
the graph with both scales marked off* in percentages, so that 
each pair of percentages from columns 2 and 3 will provide one 
point on the graph.^ There are nine pairs of figures, so there will 
be nine points which when joined will form the curve. Note that 
the curve starts at zero and finishes at 100 on both scales. Thus 
the first point will be located 10 per cent up the income axis and 
3*5 per cent along the other. 

^ Based on data in Table 3 Volume 4, Industry i of the Report on the Census of Production 
for 1954. 

* The student who has forgotten the process of cumulating such distributions should refer to Table 
4 on page 41. 
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Summary 

The type of diagram to be vised for depicting given data does 
not usually pose serious problems. As with tabulation, diagram- 
matic representation of statistical data is largely a matter of 
commonsense coupled with a few rather obvious rules. Since 
experience shows that these rules tend, all too often, to be over- 
looked, it may be helpful to set them out below. The charts and 
graphs in the previous pages and elsewhere in the book can then 
be assessed in the light of these rules. 


1 . The title should be brief but self-explanatory. 

2. The source of the data plotted should be given so that the 
reader may consult them for himself. 

3. The axes of the graph or chart must be clearly labelled so that 
the quantities and values to which they refer are immediately 
apparent. 


4. Except for logarithmic graphs, always show the origin. 
Whenever the values are such that the points plotted will 
normally lie a considerable distance from the origin and lead 
to a compression of the scale, then the graph may be ‘broken’ 
or ‘torn’ across the vertical axis and the relevant values 
marked off along virtually the entire length of the ordinate. 

5. Always bear in mind that graphs are meant to simplify the 
picture; a detailed or overloaded chart or graph defeats its 
own object. 

Finally, it should not be forgotten that the addition of a dia- 
gram or graph among the published data adds nothing to what is 
already available. Its sole raison d'etre is that it drives home 
more effectively than the tabulated data the main findings of the 
enquiry. If the diagram does not meet this requirement, then it is 
better omitted. Generally speaking, diagrams are useful aids to 
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comprehension. The reader interested in charts will find a varied 
collection in any issue of Economic Trends published monthly by 
H.M. Stationery Office. 



CHAPTER VI 

AVERAGES; TYPES AND FUNCTIONS 
The Function of Averages 

Few people can assimilate a mass of detailed information 
expressed in numerical form, even when it has been substantially 
reduced by tabulation. It is helpful, therefore, if instead of 
merely tabulating the information derived from a specific en- 
quiry and depicting it in graphs or diagrams, it can be expressed 
in more abbreviated numerical form, yet in such a way that the 
salient features of the tables are clearly brought out. 

For instance, in the case of the firm owning the plant with 1 80 
employees whose outputs were given in Table 1 it may be as- 
sumed that this firm controls several such plants of varying size 
in different parts of the country. The management would be 
anxious to compare the outputs of the operatives in the various 
plants. If conditions in each plant are similar, the results should 
closely correspond. If there are serious discrepancies in their res- 
pective production levels, then some explanation must be found. 
It would be a tedious process comparing all the individual 
outputs in every plant, finding out the lowest output, the highest, 
and the most frequent, by such tables and graphs as we have so far 
employed for illustrative purposes. If all the significant features 
of the data relating to each plant can be brought out by one or 
two figures, their comparison is a far simpler task than the de- 
tailed scrutiny of the data suggested above. These ‘summary 
figures’ may for the moment be described simply as ‘averages’, 
illustrated by the following three examples : 

1 . If, for example, it is stated that the average weekly output of 
an operative in Plant 1 is 539 units and in Plant 2 with identi- 
cal working conditions it is 519, such information warrants 
investigation. 

2. Further, if more operatives each produce 539 units per week 
than any other output in Plant 1, and the corresponding 
most frequent output in Plant 2 is 51 5, the apparent conclu- 
sion is that the operatives in Plant 1 are for some reason 
generally more productive. 

89 
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3. If the individual outputs of the operatives in both plants are 
ranged separately in two arrays, i.e., in order of magnitude 
as in Table 1, it may appear that the middle worker in the 
array for Plant 1, i.e. the 91st out of 180, has a weekly output 
of 540 units, while in Plant 2, with an equal number of 
operatives, 120 have a smaller weekly output than this.*^ The 
management confronted with this information would in- 
variably seek an explanation. 

Given the facts above, together with ^the ranges of the two 
distributions, it would be possible for artyone conversant with 
statistical methods to estimate with reasonable accuracy the 
general level of productivity in each plant, and even depict dis- 
tribution of outputs as a frequency curve sufficiently accurately 
to bring out the same essential features as a graph of the com- 
plete data. It is because 'averages’ summarise the salient features 
of most data so usefully that they are so widely employed in 
statistics. In fact, statistics has been described as 'the science of 
averages’, although this is a little misleading in so far as averages 
form only a part of the techniques employed, particularly in the 
later stages of a statistical enquiry. 

The three specific comparisons made above have now to be 
considered separately and in detail. 

The Arithmetic Average or Mean 

‘The “average" output of the operatives in Plant 1 539 

units.* Most people are acquainted with the use of the term 
‘average’ in this context. Thus in cricket, when a batsman has 
‘averaged’ 50-0 runs per innings, no one assumes that exactly 50 
runs have been scored in each innings or possibly in any innings ; 
but if the total runs scored are divided by the number of com- 
pleted innings the result will represent the batting ‘average’. 
Assuming the above batsman completed 30 innings it is clear 
that his aggregate is 1,500 runs. 

Using the data in Table 1, by aggregating the individual out- 
puts and dividing the total by 180, an average output per opera- 
tive of 539 units is obtained. Reference to the detailed array re- 
veals that only five workers actually produced this output, and 
with only this figure as a guide, a somewhat limited picture of 
the situation would be obtained. This fundamental weakness in 

^ To be exact, the middie operative In a series of 180 *lies between the 90th and 91st*. This point it 
dianissed later in the chapter, it does not affect the present argument. 
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tWs type of average, or arithmetic ‘mean* as it is known in statis- 
tics, is even more clearly demonstrated by the following example. 
A prospective investor is informed that three companies, X, Y 
and Z, have during the past six years each averaged a net profit 
of £6,250 each. It is assumed for the purpose of this example that 
the annual profit figures have been adjusted to a common basis 
in order to eliminate non-recurring or capital items and are there- 
fore comparable. It may be assumed that the actual figures for 
each company over the period are as follows : 


Year 

X Co. Ltd. 

Y Co. Ltd. 

Z Co. Ltd. 


1 £ 

£ 

£ 

1948 

1,500 

8,800 

12,000 

1949 

4,000 

7,200 

4,000 

1950 . . 

7,000 

6,600 

Loss 2,000 

1951 

! 8,000 

6,000 

8,000 

1952 . . 

, 8,000 

5,900 

15,000 

1953 

9,oa) i 

; 3,000 

500 

Average Annual 

6)37,500 

! ‘ 1 

6)37,500 

6)3~7."50b 

Profit 

6,250 

6,250 

i 6,250 


! 


It will be self-evident that confronted with this more detailed 
information the investor would promptly forget all about the 
‘average’ profits and completely revise his first impression based 
on the original statement of equal average profits that the invest- 
ments are equally attractive. Thus the bare ‘mean’ may give 
quite a misleading impression of any series or distribution as it 
provides no indication of the variation between the actual values 
within the distribution. 

Calculation of the Mean 

In practice, however, the Arithmetic Mean is not always quite 
so simple to compute, as is illustrated by the following example. 
In a certain works, the works staff comprises 100 skilled men, 
200 semi-skilled operatives and 50 unskilled men, all of whom are 
paid on a time b 9 >sis at £15, £10 and £8 per week respectively. 
The ‘average’ or ‘mean’ wage paid in the works is not £1 1 per 
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£ 15 - 4 - 10”!- 8 £33 

week computed as follows: ^ “ 3 ’ J^l 1 per week. 

The inaccuracy of this result may be easily proved. The total 
sum required to pay the weekly wages of the factory is £3,900, 
i.e. (£15 X 100, £10 x 200, £8 x 50). The total yielded by multi- 
plying the first mean of £1 1 by £350 workers is £3,850, or £50 
short. The correct mean wage is £3,900 divided by 350, i.e. 
£11 2s. lOd. 

This type of average is sometimes described as a ‘weighted’ 
mean, i.e., the separate values or items within the series are each 
multiplied by the frequency with which each item or value ap- 
pears. In the preceding example, the weights were the number of 
employees within each group, 100, 200 and 50 respectively. Such 
a computation is required when a compound made up of several 
constituents has to be priced for the purpose of cost accounts or 
final stock valuation. Thus, if A, B, C and D are four chemicals 
costing £15, £12, £8 and £5 per cwt. respectively, and are con- 
tained in a given compound in the ratio of 1, 2, 3 and 4 parts 
respectively, the resultant compound must be priced out at £ (1 
X 15) -t- (2 X 1 2) 4- (3 X 8) + (4 X 5) divided by 10, equalling 
£8 6s. Od. p>er cwt. In the correct statistical sense of the term 
these figures (numbers of workers or cwt.) are not weights - they 
are simply the frequencies of e^h value of the independent vari- 
able. Unfortunately, the distinction is not always clearly made 
and all too often the frequency of a single value or group of 
values is termed its ‘weight’.^ 

The calculation of the Mean from a grouped frequency distri- 
bution is different from that employed for the simple series or 
frequency distribution above. Where the data have been 
grouped, the exact frequency with which each value of the in- 
dependent variable occurs in the distribution is unknown. Our 
knowledge is limited to the fact that, within successive class 
limits of the independent variable, a certain number of frequen- 
cies occur. The procedure for calculating the Mean in such cases 
is illustrated in Table 19. 

For the purpose of ‘averaging’, the mid-point of the class- 
interval is selected. This arbitrary procedure is justified on the 
score that if the number of frequencies is large, the frequencies 
within each class will probably be spread evenly over the range of 

^ The main use of weighting is discussed in the Chapter on Index Numbers. 
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table 19 

Rejects per Operative in Plant 4 during 4-Week Period 
ENDED 8th November 1958 


(1) 

No. of Rejects 

(2) 

Mid-point 

(3) 

No. of 
Operatives 

i (4) 

Products 
of cols. 2x3 

21-25 . . , 

23 

6 

138 

26-30 . . ; 

28 

17 

476 

31-35 

33 

22 

726 

36-40 

38 

34 

1,292 

4;-45 

43 

20 

860 

46-50 

48 

12 

576 

51-55 

53 

5 

265 



116 

4,333 


Average rejects per operative 


4,333 

116 


37 to nearest unit. 


the class-interval, there will be as many items below the mid- 
point as above it.^ Thus by using the mid-points for calculating 
the average the same result would be obtained as that given by 
aggregating the products of the individual values and their res- 
pective frequencies. It should be noted that the procedure of 
multiplying the mid-points of the classes within a grouped 
frequency distribution by the number of items within the respec- 
tive classes docs not actually provide the Mean as such. It 
produces the Mean of all the mid-points of the classes ‘weighted’ 
by the frequencies within each class of the distribution. Since, as 
stated above, the assumption is made that the Mean of all the 
values within each class is equal to the mid-point of that class, 
the use of the mid-points in order to obtain the Mean of the dis- 
tribution is permissible. Generally, the smaller the class- 
interval and the larger the number of frequencies in each class, 
the more likely it is that the ‘mid-point’ average will correspond 


1 The same arithmetic result will, of course, \ 
ccntrated on the mid-point of the group as in 
over the other four values in the group, i.r., 
figures we get: 

(1> Value in units f f.x. 

1 16 16 

2 16 32 

3 16 48 


80 240 

Average «= 3 

The student should note that these results 
ally about the mean. 


obtained if the majority of the frequencies were con- 
), and the remainder of the frequencies spread equally 
1^0 on each side of the mid-point. Using hypotltetical 

(2) Value in units / f.x, 

1 5 5 

2 10 20 

3 50 1 50 

4 10 40 

5 5 25 

80 240 

Average » 3 

se because the frequencies are distributed symmetric- 
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to the average calculated ocactly i.e., if the data given as an un- 
grouped frequency distribution in Table 2 were employed. 

Whai preparing the grouped frequency distribution it will be 
seen whether all the items are dispersed evenly throughout the 
range of the independent variable. If this is the case, the classes 
may be taken at the most convenient intervals, e.g., multiples of 
5 or 10 units as with the data in Table 1 (p. 39). But where, as is 
frequently the case, there are irregular concentrations at inter- 
vals throughout the range of the indei^endent variable, the 
obvious class-limits may not be suitable and it will be necessary, 
as was explained on p. 42, to revise the class intervals in such a 
way tiiat within each class the mean value will be found around 
the mid-point. Clearly this is an ideal seldom attainable in prac- 
tice, but it is important to remember it when a simple frequency 
distribution such as is given in Table 2 is converted into the 
grouped distribution shown in Table 3. 

Determination of the Mid-point 

Apart from the questions of selecting a suitable number of 
classes for the grouping of any frequency distribution, and the 
size of the class interval, care must be taken to ensure that no 
uncertainty can arise in allocating any particular value to its 
appropriate class. The most common slip is to state the class 
interval as follows: £10-20, £20-30, £30-40 and so on through- 
out the range of the independent variable. If, after its compila- 
tion, a grouped frequency distribution in this form were to be 
examined, three alternatives concerning the disposition of those 
units which are multiples of £10, i.e., £20, £40, etc., spring to 
mind. The person responsible for the classification may have had 
no system at all, sometimes the item was put in the lower class, 
sometimes in the upper class; e.g., £30 could have been put in 
£20-30 or £30-40. The second course would have been to place 
them systematically in the upper class, i.e., assume that the upper 
limit of the preceding class was read as ‘under £30’. The third 
alternative would be to assume that the lower limit of the class 
£30-40 meant all items over £30 to be included. The value of any 
calculations performed on such dubious tables would be prob- 
lematical to say the least. In the chapter on Tabulation, the need 
for accurate classification was stressed, and the above example 
should emphasise the reasons. 
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The classes quoted above can be written in several ways, and 
although the differences are not important one method may be 
more suitable than another for a particular distribution. Thus : 

(1) (2) (3) (4) 

Under£10 £0 — Signifying — flOSignifying 0 — £9 
£10and under £20 £10 — up to but — £20up to and £10 — £19 
£20 „ „ £30 £20 — not inclu- — £30 including £20 — £29 

ding £10, £10, or 

£20 etc. £20 

The first is clear enough and can be used for values quoted to 
the nearest penny. A frequently used alternative to the classifica- 
tion in (1) is given in (2); they are the same. The third example 
differs from (2) since a value of exactly £10 will fall in the second 
class in the first example but in the first class in (3). The last 
grouping is based on the assumption that all the items are given 
to the nearest pound. The conventional methods for deriving the 
mid-points of the classes in a distribution are as follows. If the 
variable is discrete, and the classification written as follows: 
1 — 5,6 — 10, II — 15, and so on, the mid-points are clearly 3, 8 
and 13 respectively. The method may be summarised by stating 
that the limits of each class are aggregated and their sum halved, 


Continuous variables are slightly more difficult, since much 
depends on the correct demarcation of the class limits. If the 
classes are written as in example (1) above, ‘Under £10’, and so 
on, the class limits will depend on the way in which the individual 
values in the distribution have been expressed. For example, if 
all are expressed to the nearest penny, the upper limit of the first 
class is £9 19s. lid.; the limits for the second class are £10 and 
£19 I9s. 1 Id., and so on. Strictly speaking, money values should 
be treated as a discrete variable, but as for example in the above 
illustration, the smallest unit of one penny is so very small in 
relation to the individual values, the error introduced by treating 
the values as continuous may be ignored. Normal practice with 
continuous variables is to derive the mid-point by halving the. 
sum of the lower limits of two successive classes. Applying this 
rule to example £3), the mid-point for the second class would 
be £15. If the values in a continuous distribution are written to 
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the nearest decimal place, the classes could then be written — 
10*0, — 20-0, — 30-0, — 40-0, etc., with mid-points of 5-0, 15-0 
and 25*0. 

When in doubt as to the limits of the class interval the student 
should consider firstly the unit of measurement and secondly 
how the individual values have been defined.^ For example, if no 
payment is less than a multiple of a pound then the series is dis- 
crete, since the difference between the upper limit of a class 
interval and the lower limit of the next must b® one pound. Such 
a classification would then read as in example (4). If, however, 
the values have been rounded to the nearest pound, then clearly 
a value of £10 in the distribution could represent any value 
ranging from £9 10s. Od. to £10 9s. 1 Id. Such a distribution 
should be treated as a continuous series and the classification 
should be similar to that given in any of the first three examples. 
It should be remembered that the grouping of a distribution and 
the use of mid-points for calculating averages by themselves give 
rise to possible error in the average. The choice of the class- 
interval should be as accurate as is compatible with such con- 
siderations. 

The Short-cut Method 

Using the mid-points of successive classes in a frequency dis- 
tribution to compute the Mean' the volume of arithmetic calcu- 
lation can be reduced in the following ways : 


TABLE 20 

Individual Outputs of 180 Female Operatives at Plant 1 
IN the week ending 8th November 1958 


Output in Units 
(i) 

Mid- 

points 

(2) 

Mid-points 
less 504*5 
(3) 

No. of 
Operatives 
(4) 

Products 

(3)x(4) 

500 to 509 

504*5 : 

Nil 

8 

Nil 

510 to 519 

514-5 

10 

18 

180 

520 to 529 

524-5 

20 

23 

460 

530 to 539 

534*5 ; 

30 

37 

1,110 

540 to 549 

545*5 

40 

47 

1,880 

550 to 559 

555-5 

50 

26 

1,300 

560 to 569 

565-5 

60 

16 

960 

570 to 579 

575-5 

70 

_£ 1 

350 

1 

1 1 

' 

180 j 

6,240 


Mean output per operative = 504*5 -f 34*7 = 539 to nearest unit. 

1 And if he has forgotten the difTereitce between discrete and continuous variables he should 
re-read p. 83. 
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In this example, by using the mid-points and subtracting the 
figure of 504’5, which is common to every mid-point, the arith- 
metic involved is reduced to very simple proportions. 

Such a simple example involving easily manageable figures 
does not arise very frequently, and a more usual method of 
computing the arithmetic mean is given in Table 21 below. This 
method is based upon the simple rule of algebra that the sum of 
the individual differences between a series of numbers and their 
mean is 'always equal to zero. Take for example the following 
distribution : 4, 7, 9, 10, 15, 17 and 22. Their aggregate is 84 and 
the average of the seven figures comprising that total is therefore 
12. From this figure, i.e. their mean, subtract each of the figures 
in the distribution in turn. The following result is obtained: — 8, 
— 5, — 3, — 2, 3, 5, 10. When aggregated the differences are equal 
to zero. The reader may check the rule by testing any selection of 
values he cares to make. Given this rule the accuracy of an 
estimated mean may be tested quite simply. Suppose that for the 
above series we had guessed that the true mean equalled 10. The 
differences, or as they are usually termed, the deviations from 
the mean, would then be : — 6, — 3, — 1 , 0, 5, 7, 12 and their total 
is 14. Clearly then, if the rule is valid the estimate of the mean is 
wrong. But if the ‘error’ is apportioned, i.e. 14 units, between the 
seven constituent numbers, the ‘average deviation’ is 2 and if this 
is then added to the estimated value of the mean, i.e. 10, we 
arrive at the correct value of the mean of the distribution, i.e. 12. 
The student should amuse himself setting out short series of 
figures and proving to himself the validity of the rule. As will be 
seen, it forms the basis of many calculations in statistics and it 
is used to calculate the mean of the distribution shown onp. 98. 

The foregoing principle is illustrated in Table 21 . The successive 
stages in the calculation are as follows : 

1 . Select as the assumed mean the mid-point of the class which 
contains a high proportion of the units and is nearly central. 
Since wages are paid to the nearest penny, the true limits of 
the first class are £4 10s. — £4 14s. 1 Id. and the variable is, 
strictly speaking, discrete. But, for all practical purposes, this 
variable may be treated as continuous since one penny is so 
small a unit and the mid-points are derived by adding to- 
gether the upper limits of successive classes and halving theni. 



98 


STATISTICS 
TABLE 21 


Earnings of 1,783 Female Employees of the XYZ Manufacturing Co., 
Ltd. in the Week ending 8th November 1958 


Deviations Products of 
from cols.3<S<4 





Weekly 

Earnings 

(1) 




Fre- 

quency 

(2) 

' Mid- ' 

; points 

(3) 

assumed 
Mean in 
Class 
Intervals 
<4) 

'Negative Positive 

(5) 

£ 

s. 

d. 


i 

s. 

d. 





4 

10 

0 but under 

4 

15 

0 

64 

4- 12-6 

— 4 

— 256 

4 

15 

0 

9 * 99 

5 

0 

0 , 

126 

417'6 

— 3 

— 378 

5 

0 

0 

99 99 

5 

5 

0 

224 

5- 2-6 

— 2 

— 448 

5 

5 

0 

99 99 

5 

10 

0 

379 

5* 7-6 

— 1 

— 379 

5 

10 

0 


5 

15 

0 

474 

; 512*6 

0 












— 1,461 

5 

15 

0 


6 

0 

0 

227 

517-6 

1 

227 

6 

0 

0 


6 

5 

0 

108 

6* 2 6 

2 

216 

6 

5 

0 

99 99 

6 

10 

0 

74 

6* 7*6 

3 

222 

6 

10 

0 

99 99 

6 

15 

0 

31 

6*12*6 

4 

124 

6 

15 

0 


7 

0 

0 

43 

: 6*17*6 

5 

215 

7 

0 

0 


7 

5 

0 

19 

i 7* 2*6 

6 

114 

7 

5 

0 

99 99 

7 

10 

0 

14 

i 7* 7*6 ' 

7 

98 








1.783 



*1,216 


Assumed mean ■--- mid-point of the class £5 lOs. Od. but under £5 15 s. Od. 

-£5 12s. 6d. / 

Sum of deviations from assumed mean — 245 i.e., — 1,461 4- 1,216 

— 245 

Average deviation in class intervals = _ - *137 

1 ,Vo3 

Correct arithmetic mean £5 1 2s. 6d. — • 1 37 of the class-interval 

-= £5 12s. 6d. — 137 X 5s. Od. 

- = £5 12s. 6d. — 8d. to nearest Id. 

Arithmetic mean = £5 1 Is. lOd. to nearest Id. 

2. In the column headed ‘deviations from assumed mean in 
class-intervals’, enter 0 against the class whose mid-point is 
to be used as the assumed mean, i.e., £5 10s. Od. — £5 15s. Od. 
Against the mid-points on either side of this latter class enter 
1, agauist the next above and below those mid-points enter 2 
and so forth. Where the mid-point is smaller than the selected 
mid-point representing the assumed mean, the deviation will 
be negative; thus the upper part of Col. (4) before the mid- 
point marked 0 will contain all the negative deviations. The 
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reverse applies to the lower part where the raid-points are 
greater in magnitude than the assumed mean, ue., the devia- 
tions are positive. Before inserting the figures, the student 
should note whether all the class-intervals are of equal size; 
i.e. as in Table 21. 

3. Each deviation is multiplied by its respective frequency, i.e., 
the frequencies in each class; the negative quantities being 
kept apart from the positive products to avoid confusion. 
Both the negative and positive products are then aggregated 
separately and the balance obtained. 

4. The balance, negative or positive, is divided by the sum of 
the frequencies. The result in this example is a fraction of the 
class-interval, not of a single unit. In other words the result is 
expressed in 5s. units, since it was derived by dividing the net 
sum of the products of — 245 by the total frequencies of 
1 ,783. Reference to columns (3) and (4) will reveal that the 
deviations are measured in units of 5s; thus 2 deviations 
equal 10s. as is apparent by subtracting the mid-point of the 
class £5 1 Os. Od. — £5 1 5s. Od. from that of the class £5 Os. 
Od. — £5 5s. Od. It is important therefore that the quotient of 
— -138 is converted into shillings before it is subtracted from 
the assumed mean, from which the deviations were mea- 
sured. Unfortunately many students forget this small point 
in their examinations. The result gives the true arithmetic 
mean of the frequency distribution. 

The figures entered under the heading of ‘deviations from the 
assumed mean’, might have been multiples of Is. instead of 5s., 
or, for that matter, of any unit always provided the difference 
between the negative and positive totals expressed in terms of 
those units is finally converted to the original unit of mea- 
surement. If the deviations had been measured in actual shillings 
instead of multiples of 5s., then the figures in column (4) would 
have read 0, 5, 10, 15 and so on instead of 0, 1, 2, 3 etc. 
Equally, the ‘0’ i.e. the mid-point assumed to be the mean from 
which all the deviations are measured, may be placed anywhere 
in the series, but it simplifies the calculation if put against the 
class limits between which the largest number of frequencies 
occur. 

It will be realised that there is no need to work in class- 
intervals, although this is usually the most convenient method 
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when all the class-intervals are equal in size. If, however, they 
vary, the mid-point method of deriving the Mean may still be 
used. With varying class-limits the ditferences will be in mul- 
tiples (sometimes fractions) of the class-interval ‘unit’. If, for 
example, there had been another class at the lower end of Table 
21, say £7 10s. Od. to £8 5s. Od. then the mid-point of this class 
interval is £7 17s. 6d. Had this been the case the deviation from 
the mean allowed for that class would be 9 and not 8, since the 
difference between the mid-point of this class and that im- 
mediately preceding it is equal to 10s. ; twice as much as the unit 
of 5s. in which previous deviations have been measured. A little 
extra care is necessary, therefore, in writing in the values in the 
‘deviations’ column. Where ‘open-end’ classes are involved, e.g. 
‘£7 10s. and over’, the difficulty is still greater. If the open-end 
was necessary there is every reason to assume that one or more 
of the frequencies did not fall within the limits of any normal 
class, i.e. there is (or are) extreme item(s) which would affect 
markedly the value of the Mean. The usual assumption in the 
absence of further information is to assume the limits of that 
class are identical with the others and select a mid-point accord- 
ingly. It is probable that the use of this arbitrary mid-point will 
tend to under-estimate the true Mean of the distribution. Since 
extreme or unrepresentative items distort the Mean this com- 
promise avoids that danger, but the method is still unsatis- 
factory. The only guide is knowledge of the data being handled. 
A worked example illustrating the problem of open-end classes 
and varying class-intervals in the same distribution is given at 
the end of the next chapter. 

Apart from its relative simplicity of computation, the arith- 
metic Mean has other advantages. The statistician considers it a 
useful measure since it is itself the result of an arithmetic process 
and therefore lends itself to further mathematical treatment. In- 
sofar as the Mean takes into account every item in the series or 
distribution, it generally provides a reasonably accurate sum- 
mary of the data, hence its popularity with the lay public who 
use the term ‘average man’ to refer to the representative of the 
majority of the male members of the community. On the other 
hand this advantage also lies at the root of its outstanding weak- 
ness; by including every item in the series the presence of 
extreme or single non-representative items may, especially in a 
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short series, so seriously distort the Mean that it no longer pro- 
vides an accurate indication of the nature of the data. Thus, if 
seven directors receive annual fees of £100, £200, £200, £250, 
£250, £300 and £1,500 respectively, the Mean is £400. In fact, 
this particular amount is not received by any director, is in excess 
of what six out of the seven receive and provides no indication 
whatsoever of the nature of the series on account of the extreme 
item of £1,500. This weakness occasionally provides one of the 
reasons for needing other measures which will amplify and even 
replace the Mean, although the latter remains one of the most 
frequently employed measures in statistical work. 

Formulae for the Mean 

Reference to the majority of books on statistics will reveal a 
formidable array of mathematical symbols dealing with the cal- 
culation of the Mean, which convey little to the non-mathe- 
matical reader, and may even confuse the issue for him. 

Most of the symbols employed are merely ‘shorthand’ or ab- 
breviations of simple procedures which would be cumbersome if 
expressed in simple English. 

Thus: 

1 . The Arithmetic Mean of a simple series, e.g., 2, 6, 9, 12, 15, is 

lx 

written X — 2/*^° represent 

. (2 + 6 + 9-h 12 + 15) 

A.M. = j 

X the arithmetic mean, 
where £ (termed large sigma) • ^ the sum of. 

X = the individual items. 

2/ — total frequencies 

By using £ the need for the following notation is avoided: 

JCi -h x» 4- jr, + .r, + ... x.-j 
N 

where Xj, Xz, Xg . . . X4 refer to the individual values of the 
variable and N — the total frequency. 

[ZiyFor frequency distributions, such as the wages or chemical 
'^compound examples on page 92, the formula may be 
written: 
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fxXx +f^M+f»xt ...+/„X„ . (15 X 1) + (12 X 2) + (8 X 3) + (5 X 4) 

/»+/.+ /. ... + fn (I +'2 + 3 + 4) 

which is normally abbreviated to the letter f repre- 
senting the frequencies and it should be noted, is the same 



as N. 

The A.M. of a grouped frequency distribution is written X — 
Z/x 

-^y, where / = the number of observations in each class of 

the distribution. Note that x in this ca^ represents the mid- 
points of the classes. 


Ik. When the A.M. is derived from a frequency distribution by 
using the deviations from an assumed Mean, the formula is 

written X = X* » where d' — the deviations from the 

assumed Mean written as X'. (Note: if the deviations are 
expressed in class-intervals, they must be converted into the 

original unit values. Thus x i). This formula applies to 

the example in Table 21. The student reader may commit 
these formulae to memory in case they should appear on an 
examination paper, or more probably, in another text. For 
practical purposes they are unnecessary at this stage, it is the 
method, not the formula, v^ch should be learnt. 


The Median 

The nature of the third average employed in describing 
statistical data was indicated in the passage on page 90. ‘If the 
individual outputs of the operatives are ranged in order of mag- 
nitude, i.e., an array, the central figure has a value of 540 units’. 
The Median divides the distribution into two equal parts, in 
other words, it is the value which divides a distribution so that 
an equal number of values lie on either side of it. In this example 
the one half contains the better operatives and the other the less 
productive. This Js ^ p a rticularly useful ‘average’ for distribu- 
tions which jtre veiy j nar^c^ nomsymni etn^ 

Median of Ungrouped Data 

In contrast to the Mean the task of finding the Median is 
sometimes extremely simple. All that is necessary is to arrange 
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the individual items in order of magnitude; the middle item is 
then the Median. Thus in the following series, 2, 3, 4, 5, 6, 7, 8. 9 
and 10 the M^ian is 6, /.e., the fifth figure, with four figures on 
either side of it. Such is the procedure when the data is given in 
an array, more usually it is described as ungrouped data. It may 

be located by the formula where JV= the number of 

items in the series. When the number of items, i.c. AT, is odd, then 
the Median is an actual value with the remainder of the series in 
two equal parts on either side of it. If N is even, then the Median 
is a derived figure, usually half the sum of the two middle values. 
If these are the same, as they often are, then the Median of an 
even series will also be an actual value. 

Median of Grouped Data 

More frequently, however, it is necessary to select the Median 
from grouped data, /.c., a frequency table where the original 
data has already been condensed into classes. In this case the 
ranging of the data has already been effected since the classes 
will clearly be in order. The normal method is to add the class 
frequencies together cumulatively, as has been done in the 
example below and divide the total frequencies into two halves. 

table 22 

Earnings of 1,783 Female Employees of the XYZ Manufacturing Co., Ltd. 
IN THE Week ending 8th November 1958 


Earnings 


No. earning i Cumulative 

Wages shown ' Total 

opposite I 


£ 

s. 

d. 


£ 

s. 

4 

10 

0 and under 4 

15 

4 

15 

0 

yV 

5 

0 

5 

0 

0 

9* 

5 

5 

5 

5 

0 

f 9 

5 

10 

5 

10 

0 


5 

15 

5 

15 

0 

99 99 

6 

0 

6 

0 

0 

99 99 

6 

5 

6 

5 

0 

99 99 

6 

10 

6 

10 

0 

99 99 

6 

15 

6 

15 

0 

99 99 

7 

0 

7 

0 

0 

99 99 

7 

5 

7 

5 

0 

99 99 

7 

10 


0,. 64 

0.. 126 

0.. 224 

0.. 379 

0 474 

0.. 227 

0.. 108 

0.. .. i 74 

0 31 

0.. .. ! 43 

0.. 19 

0.. .. ! 14 


1,783 


64 


190 

( 64 + 126) 

414 

(190 + 224) 

793 

(414 + 379) 

1,267 

(793 4- 474) 

1,494 

1,602 

1,676 

1,707 

1,750 

1,769 

1,783 

etc. 
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The formula for deriving its position from grouped data, as 

in a grouped frequency distribution, is ^ • Thus, in the following 

example, it is located at the mid-point between the two middle 
items of the series, e.g., i ,783 items in series - the Median value 
lies between the 891st and 892nd item. The rest of the calculation 
is given in full below: 

1 781 

Median: ^ 891 ^th item. 

The Median is located between 793 and l,267, i.c., among the 474 indivi- 
duals receiving at least £5 10s. Od. but under £5 15s. Od. Therefore the 
median wage is greater than £5 10s. Od. but below £5 15s. Od. 

891^ — 793 = 98^, thus the Median is the 98^th of the 474 items ranged 
in order of size, these 474 values ranging from £5 10s. Od. to £5 14s. lid. 

£5 10s. Od. + X 5s.^ - £5 10s. Od. + Is. 0-3d. or Is. Od. to 

nearest penny, /.<?., £5 11s. Od. Median wage. 


Alternatively the calculation may be carried out by assuming that 
£5 15s. Od. is greater than the median wage, and 375 (474 - 99) employees 
in that class earn more than the median wage. 


Median wage = £5 15s. Od. — 



calculated to nearest penny £5 I Is. Od. 


It will be noticed that the same assumption has been made in 
the computation of the Median as was made in determining the 
Arithmetic Mean, that the items falling within any given 
class are ranged evenly throughout, and as before, the validity of 
this assumption will determine the accuracy of the result.^ This 
is justified with a continuous series with a large number of 
classes. If the variable is discrete and the class-interval large, the 
Median may be little better than an approximation, and the 
result is best given to a round number. The outstanding ad- 
vantage of the Median resides in the fact that it is not affected 
by extreme items, as is .the Mean. Thus if seven salesmen take 
£700, £750, £780, £800, £830, £870 and £1,600 respectively, 
the Median value is £8(X), which gives a fair indication of the 
typical salesman's results; the Mean on the other hand is over 
£900 and quite unrepresentative. The Median value often cor- 
responds to a definite item in the distribution; the Mean 
seldom. A further important advantage of the Median is that 

^ This assumption need only be valid for the class containing the Median - since the Median is un- 
affected by the values in any other class. 
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it can be located in a grouped distribution in which the first and 
last classes are open — ended and the lower and upper units are 
not available so that it is virtually impossible to compute the 
IMean with any degree of accuracy. 

Median by Interpolation 

The Median can also be interpolated approximately from the 
ogive, the cumulative frequency distribution plotted on a 
graph as ishown below. This is true whether the ogive is drawn 

Figure 14 

Deviation of Median and Quartiles from a 
Cumulative Frequency Curve. 


NUMBER 

OF 

EMPLOYEES 



Based op data from Table 22. 



STATISTICS 

liy Citnnilating the series upwards or downwards as was ex- 
plained on p. 41. Care is required when drawing this curve that 
the data are correctly plotted. Thus the curve starts at zero 
frequencies and rises continuously. The first point plotted against 
the vertical axis, in this case 64 (see Table 22, p. 103) will be above 
the upper limit of the class £4*® — £4*®, the next figure 126 
against the upper limit of the next class, i.e. £4*^* — 5. Thus, when 
the frequencies of any given output are read from the curve, they 
will be interpreted as ‘190 employees Jjelow £5, 64 below 
£4^®, etc. The student should not plot the frequencies over the 
mid-points of the class-intervals as is done with the histogram, 
otherwise he will read off the wrong results, i.e. the values of the 
independent variable will be too low. Having drawn the ogive, 
all that is necessary is to find the mid-point on the scale represen- 
ting the frequencies, which in Fig. 14 is the vertical axis and from 
that point draw a line parallel to the horizontal axis until it inter- 
sects the ogive. The value of the Median will then be read off 
against the scale along the horizontal x axis directly below the 
point of intersection. The reader can compare the values de- 
rived from the graph with those calculated from the data, the 
Median on p. 104 and the quartiles below. Since both methods of 
deriving these values are at best approximate it is not surprising 
that there are slight difrerence|, between the results. 

Quartiles and DecUes 

In precisely the same way, it is possible to locate the quartiles 
and deciles, values of which are sometimes useful in describing a 
distribution. As the name of the former suggests, the quartiles 
divide the series into four equal parts, i.e., they perform for each 
equal part of the series on either side of the Median what the 
Median has done for the whole series. The deciles, less frequently 
employed in practical work than the quartiles, divide the series 
into 10 equal parts. The method of computing the quartiles of 
grouped data is the same as with the Median, except that in- 

stead of the denominator is 4, i.e., The two quartiles in 

any distribution are known as the lower and upper quartiles, the 

N 

former indicating the smaller value and obtained by ^ , and the 
latter, the higher value in the position The lower quartile is 
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usually written as Q^, the upper quartile as 0,. The calculations 
for the deciles are similar, the denominator being 10, thus the 

fourth decile is the observation which is from the lower end 
of the range. ^ 

Working on the data given in Table 22, the following results 
are obtained : 

^ 1-783 

Qx ^ “ 446 to nearest unit, i.c.^ Qi value of 446th item. 

3x1 783 

Qa ^ — 1,337 to nearest unit, i.e.y “ value of 1,337th 

item. 

The 446th item lies in the class £5 5s. Od. — £5 I Os. Od. containing 379 
items, which are assumed to be spread evenly over the class -interval of 
5s. Od. 

( 446 — 414\ 

379 / 

-- £5 5s. Oii. + 3II < 5s. Oct. 

Lower Quartile wage -- £5 5s. Od. 4- 5*7d. — £5 5s. 6d. to nearest Id. 
1,337th item lies in group £5 15s. Od. - £6 Os. Od. containing 227 items; 

C>, £5 15s. Od. f X 5s. Od. 

70 

-- £5 15s. Od. + .,27 ^ ^‘l- 

UpF)er Quartile wage = £5 1 5s. Od. f 1 8-5d. — £5 16s. 6d. to nearest Id. 

Apart from their value in providing a description of any dis- 
tribution, the quartiles and deciles are especially useful for com- 
parison of two distributions, i.e., contrasting the values in each 
series at the lower quartile position, upper quartile and so on. 
As explained above, the values of the quartiles or any of the 
deciles can be estimated from the ogive, as was the Median in 
Fig. 14. Neither the quartiles nor deciles are averages, they are 
measures of dispersion and as such are discussed in the next 
chapter. They are discussed at this stage simply because they are 

^When the series is ungre^uped, the formula for Qj i.s “4 *, and for Og Ij- division 

yields an odd quarter in the quotient, the answer may be expressed to the nearest unit. 
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derived by the same methods as those employed in calculating 
the Median. 

The Mode 

Statements such as ‘the average man prefers this brand of 
cigarettes’, or that ‘the average woman uses cosmetics’, are 
frequently read and overheard. Used in this context, the term 
‘average’ means the majority and not the Arithmetic Mean dis- 
cussed earlier in this chapter. The fact that the Mean does not 
always provide an accurate reflection of the data due to the 
presence of extreme items has already been stated ; similarly, the 
Median may prove to be quite unrepresentative of the data 
owing to an uneven distribution of the series. For example, the 
values in the lower half of a distribution range from, say, £20 to 
£100, while the same number of items in the upper half of the 
series range from £100 to £5,000 with most of them nearer the 
higher limit. In such a distribution the Median value of £100 will 
provide little indication of the true nature of the data. 

Both these shortcomings are overcome by the use of the 
Mode, which refers to the value which occurs most frequently 
within a distribution. This particular ‘average’ is the easiest of 
all to find in some distributions,* since it is the value corres- 
ponding to the largest frequency. Thus in the following distri- 
bution which is discrete: 

No. of Rooms.. 1 2 3 4 5 6 7 8 9 10 11 

Frequencies ..4 9 15 19 24 38 26 18 13 7 1 

the modal value or mode is ‘6’, since it appears more times in the 
series than any other value. The Mode is a particularly useful 
average for discrete series, e.g., number of people wearing a 
given size shoe, or number of children per household, etc. 

The Mode by Interpolation 

Ascertaining the Mode is not always quite so easy, although 
it is seldom necessary to find it exactly. When, as is frequently 
the case, it has to be located in a grouped frequency distribution, 
the Mode lies within a given class, i.e., within the limits of the 

* Those distributions which reveal a marked tendency to cluster around a central value, clearly indi- 
cating the Mode. 
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maximum and minimum values of that class. The simplest course 
is to select the mid-point of that particular class ; this is no more 
arbitrary than computing the Mean from a grouped frequency 
distribution by multiplying the frequencies by the mid-points of 
the corresponding classes. As was pointed out, if the distribution 
were evenly dispersed throughout its range of values, the result 
from calculating the Mean by this arbitrary method should 
correspond with the Mean derived from a detailed compu- 
tation. Unfortunately, such distributions are infrequent, and in 
consequence an alternative method has been devised to locate the 
Mode wherever its position is at all indeterminate. 

The assumption that the frequencies in a given class are spread 
evenly over all the values within the limits of that class is arbi- 
trary but, as stated above, provides in many cases a fair enough 
approximation to the truth. In some distributions there arc more 
items below the modal value than above it, e.g.^ in the classes 
below the modal group in value, the number of frequencies may 
be far greater than the number of frequencies contained in the 
classes in the upper regions of the table. Such a case is illustrated 
in Table 23, below: 


table 23 


Commission Payments for No. of 

January 1958 Salesmen 


£10 and under £15 



6 

£15 „ 


£20 



12 

£20 „ 


£25 



30 

£25 


£30 



53 

£30 „ 


£35 



77 

£35 


£40 



96 

£40 „ 


£45 



54 

£45 „ 


£^0 



37 

£50 „ 


£55 


• • 1 

19 

£55 „ 


£60 



8 


Here, it is found that more salesmen (77) were in the class 
below the modal class (£35 - 40) than in the one above, contain- 
ing 54. Because of this, it is likely that the concentration of 
the salesmen within the modal class (£35 - 40) is more marked 
between, say, £35 to £37 10s. Od. than between £37 I Os. Od. and 
£40. In other w'ords, had a different class interval been .selected 
for this frequency distribution, it is possible that instead of most 
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frequraaes being within the class £35 - 40, yielding an arlntrary 
Mode of £37 10s. Od., i.e., the mid-point; the Mode would have 
been located in a new group, say, £35 - £37 10s. Od., yielding a 
modal value of £36 5s. Od. Such a breakdown of the distribution 
into smaller or different groups is not possible unless the full 
data are given elsewhere, and in passing it may be noted that the 
Mode can be markedly affected by the classification adopted in 
compiling the grouped frequency distributions.* The above 
theory underlies the following formula fo^ estimating the Mode 
which involves a simple exercise in propoHions: 

Where: 

fa *= frequencies in group following the modal group (54). 

fb « frequencies in group preceding the modal group (77). 

C./. “ class interval (£5). 

JL *= lower limit of modal group (£35). 

Thus: 

+ [mTtt] X « 

( 1?1 )x« 

£35 -I- 2 to nearest £ - £37. 

In this example, the use of the formula does not result in the 
same modal value as may be obtained by simply taking the mid- 
point of the modal class, i.e,, tyi 10s. Od. This arises because the 
relative sizes of the two classes adjacent to the modal class, i.e., 
77 and 54, are unequal. The principle of the theory may be tested 
by substituting more closely similar figures, e.g. 70 and 68 in place 
of 77 and 54 respectively. The Mode derived by using the above 
formula is then £37 10s. Od. to the nearest Ss. Od., the same as 
the mid-point. 

^ Ifii smooth frequency curve of this distribution could be drawn from the data available, the apex of 
the curve, representing the Mode, would lie to the left of a perpendicular drawn from the mid>point 
of the modal group limits. The only really satisfactory method of ascertaining the Mode is by deriv- 
ing such a curve by mathematical methods and fixing its highest point, but the simple method 
described in the text gives a good enough estimate for most purposes where the data forms a 
humped-backed frequency curve. 
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Sdecting tiie ^Ai^^rage’ 

Most readers of the last few pages will agree that the actual 
process of computing any one of the three ‘averages’ is elemen- 
tary. It is not always quite so easy, however, to decide in practice 
on one particular average to represent a distribution rather than 
any other, but provided the various advantages and dis- 
advantages of each average are understood the probl^n of 
choice is simplified. It should be mentioned in passing that if all 
three averages in a series are identical, no problem arises, but as 
will be shown later, this identity of the ‘averages’ is rather un- 
usual and, as far as data relating to social and economic affairs 
are concerned, practically unknown. 

A summary of the characteristics of each average is given 
below: 

Arithmetic Mean 

1 . Every value in the series is included, but extreme items may 
have a disproportionate effect on the Mean and reduce its 
usefulness as a summary of the whole. 

2. When there are no unusual or very extreme values which 
would distort the Mean, then the Mean has the advantage of 
being representative and of being based upon every value in 
the distribution. 

3. As an exact or computed figure it is suitable for further 
mathematical treatment. 

4. It is simple to compute and is the best understood average. 

5. The Mean multiplied by the number of values in the dis- 
tribution gives their aggregate. 

Median 

1 . Unlike the Mean, the Median may be determined where the 
data are incomplete, e.g., irregular class-intervals and open- 
ended final classes. 

2. Provided the number of frequencies or items in an un- 
grouped series is uneven, the Median will actually be one of 
the series as it will be if a grouped distribution contains an 
even number of frequencies. Otherwise, the Median is a 
derived figure. In contrast, the Mean seldom conforms to any 
individual item. 
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3. The value of the Median is severely limited unless it can be 
supplemented by other values, e.g., it provides the size of the 
middle item only, but is independent of the range of the 
series, or the spread of values above or below it. 

4. Under the circumstances, it will be appreciated that the 
Median is best used when the series is continuous, or where a 
discrete series may be treated as continuous. Where there is a 
tendency for the frequencies to cluster evenly around the 
middle of the series, rather than dispersing themselves un- 
evenly throughout with clusters around the maximum and 
minimum values, the Median is also reliable. 

5. In practice, it will not be encountered as the sole ‘average’ 
used to represent the series, but is usually compared with the 
Mean or Mode. 

The Mode 

1. The Mode has the great advantage that as it is usually an 
‘actual’ value, it indicates the precise value of an important 
part of the series, but not necessarily the major part. This 
assumes the modal value is apparent from simple ot>serva- 
tion of the distribution, i.e., an obvious concentration of 
frequencies around a certain value. If the Mode has been 
interpolated by formula ^br the mid-point of a large class- 
interval used, then the foregoing statement does not hold. 

2. Unless the number of frequencies is reasonably large and the 
distribution reveals a marked tendency to group around a 
given value, the Mode is not easy to determine. ‘ Such group- 
ing is more apparent where the independent variable is dis- 
crete and it is with these that the Mode is most useful. 

3. It does not lend itself as does the Mean to further mathe- 
matical treatment. 

4. Like the Median, however, the Mode is unaffected by the 
dispersion of the series, i.e., its distribution over the range. 
Unlike the Mean, it is not affected by extreme items. 

From the above summary of the strength and weaknesses of 
the various averages it becomes apparent that there is no such 
thing as an all-purpose average. Each has its own virtues. 

^ The difficulties of ascertaining the Mode are greater than may be realised from a reading of the 
preceding pages, hence its greater use with data from the natural sciences, where large variations 
from a nonn are the exception rather than the rule. 
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Clearly then, the choice of the average in any given case must be 
determined by the nature of the data and the purpose to be 
served by the average. If it is not forgotten that a single average 
is designed to replace the detail, yet at the same time to provide 
the outline of that detail, then the selection of the average will 
be seen to depend on which measure fulfils this requirement 
most adequately. Since the three ‘averages’ comprise rather dif- 
ferent concepts, the data may be such as to warrant the use of all 
three, and as will be shown in the next chapter, the relationship 
between the three measures may be significant. In any case, the 
chief use of averages is to compare those of one series with the 
same averages of another but comparable series. In practice, the 
Mean is a firm favourite in so far as it is so readily computed 
and imderstood; generally speaking, it should be used instead of 
the others. But cither the Median or even the Mode will be pre- 
ferable if the generalisation concerning mid-points in the calcu- 
lation of the Mean is unjustified, or the Mean is seriously affected 
by extreme items. 


Geometric Mean 

The ‘averages’ so far discussed, i.e.. Mean, Mode and Median, 
are important for comparison of most distributions. Less sig- 
nificant for this purpose, but of prime importance in the pre- 
paration of index numbers^, is the Geometric Mean. This is 
usually given its full name, to distinguish it from tlie ‘Mean’ 
which is the term usually applied to the Arithmetic Mean. 

The arithmetic mean is calculated by aggregating the values in 
a distribution and dividing them by their number or frequencies. 

The geometric mean is derived by multiplying together all the 
values and then extracting the relevant root of the product of 
those values. Thus, for the following series, 4, 6, 9, the geometric 

mf5^n is; = ^216 == 6. The root to be calculated 

depends on the number of values in the series; thus, with three 
values, it is the cube root. The principle can be summarised as 
follows: ‘the G.M. is the nth root of the product of n items.’ 

It will be apparent that if n is a large number, even a dozen 
values in the series, the problem of computing the twelfth root of 
the product of the twelve values by simple arithmetic is likdy to 

^ Discussed in Chapter XVI. 

B 
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be a tedious operation, if not impossible. Thus for calculating 
the G.M., logarithms are used. 

By obtaining the logarithm of each value, and aggregating the 
logarithms, the same purpose is being served as by multiplying 
the original numbers together. Having aggregated the loga- 
rithms, their sum is divided by the number of items, i.e., n. This 
in turn has the same effect as calculating the Aith root of the 
product of the original values. The quotient of the sum of the 
logarithms divided by n is then looked up in the tables of anti- 
logarithms, which yield the equivalent in ordinary values, the 
G.M. of the original series. In other words, find the arithmetic 
mean of the logarithms and convert the answer back into 
natural numbers. 

The following examples illustrate the procedure. Example 1 
illustrates the calculation of the G.M. of a simple series of un- 
weighted values; the second shows the calculation for an un- 
grouped weighted series, as might arise in the calculation of a 
simple index number. 

(1) Calculate the G.M. of the foliowing scries: 20, 58, 87, 130, 1^0, 250; 

^ X 87 "x 130 X 170 X 25a 


Values 

Logs 

20 

1-3010 

58 

1*7634 

87 

1*9395 

130 

2*1139 

170 

2*2304 

250 

2*3979 


11-7461 


G.M. = Anti-log of = anti-log of 1-95768. 

which converted into original units 90*7, or 91 to nearest unit. 

(2) Calculate the G.M. of the following weighted frequency distribution: 


Indices 

no 

125 

92 

100 

160 

84 

Weight . . 

4 

1 

3 

10 

5 

8 


VllO* X 125" X 92» X 100"« x 160“ x 84“ 
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Frequency 

Logs of 

Weight 

Indices 

or Weight 

Indices 

X Logs 

110 

4 

2*0414 

8*1656 

125 

1 

2*0969 

2*0969 

92 

3 

1 *9638 

5*8914 

100 

10 

2*0000 

20*0000 

160 

5 

2*2041 

11*0205 

84 

8 

1*9243 

15*3944 


31 62-5688 


62*5688 

G.M. =- Anti-log of -= anti' log of 2*0183. 

G.M. 104*3, or 104 to nearest unit. 

As with the Arithmetic Mean, so with the G.M., the formula is often 
given in algebraic notation. Thus with the G.M. described as the Nth root 
of the product of IV vahies the usual form is: 


If 


\/ Xi X A'a X As Vn 


if weights are to be introduced as in the second example above. 
g Vat*' X a-;''” 

w'here w = the total of weights used and w'^ • * * ” are individual weights. 
Since the computation involves logarithms, the first form may be written : 
log Xi log Ae -f log As ... 4- logn 

N 


log -- 


5: log A 1 - . 

^ or Z (log .r) 


The weighted series is then written: 

Wi log Xi -h Wz log A, h Wm log As 4- 


logg^ = 


• • »Vn log Jfn 


_ Z M’ log > 

^ Z M- 

where Z w represents the total weights. 


The reader may care to transpose figures from the examples in 
the preceding pages to test the above formula. The main use of 
the G.M. is discussed in the Chapter on Index Numbers. 


Other Distributions 

It has probably been observed that in all the grouped fre- 
quency distribut" >ns used in the various examples a major part 
of the frequencies were concentrated around the central values 
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of the independent variable. If these distributions had been 
graphed, they would approximate in shape to the histogram 
illustrated in Fig. 12. The essential characteristic of such distri- 
butions is that they may be adequately described by any one of 
the measures of central tendency. The reader will probably have 
realised that where the frequency curve of this type is perfectly 
symmetrical, the positions on the curve of all three measures will 
coincide. 

The importance of this type of distribtjtion in statistical work 
has already been mentioned and will become more evident in the 
course of the next few chapters. Certainly it is the most frequent 
type of distribution. But there are other varieties, the first being 
known as the ‘J’ and reverse ‘J’; the other as the ‘U’ shaped 
distribution- These names are derived from the shape of the 
curve when the distributions are graphed. Of these, the reverse 
‘J* is the most frequent, the other two being seldom encountered. 
If the data given in Table 6 (p.44) relating to the distribution 
of personal incomes in the United Kingdom in the fiscal year 
ended April 5lh, 1 956, were plotted, with various incomes along 
the base and the frequencies against the ordinate, a reverse ‘J’ 
shaped curve would be obtained. It is important to remember in 
connection with such distributions as these, that the mid-point 
method of deriving the various averages cannot be used with the 
same degree of confidence as for the normal hiimped-back dis- 
tribution since the Mean is distorted by the concentration of 
frequencies at one end. 



CHAPTER VII 

MEASURES OF VARIATION 


Introduction 

A brief recapitulation of the content of the preceding chapters 
may assist the reader in understanding the purpose of the mea- 
sures to be discussed in this chapter. It may be assumed that the 
data have been assembled in tabular form so that the initial 
semblance of order, so necessary to further progress, has been 
achieved. In the chapter on Tabulation the various forms of 
presenting the data in full or more usually in abbreviated form 
were discussed. The conchision was drawn that, helpful as the 
procedure undoubtedly is in providing some indication of the 
nature of the data, it is still insufficient to permit rapid compari- 
son with comparable data drawn from other but similar sources. 
Graphical representation, it was found, was particularly valu- 
able in conveying rnnidly, and often very effectively, an impres- 
sion of the natui. ^ T the data. They greatly facilitated com- 
parison, although in such diagrams much of the detail had to be 
sacrificed. 

The next stage was to summarise the data from the state of 
tables and frequently distributions into simple figures which 
would indicate the outstanding features of the series. To this 
end four averages were discussed in the last chapter, each with 
its particular advantages and shcfrtcomings. The Mean and 
Mode are sometimes referred to as measures of central 
tendency.^ The reason will be apparent from the examples 
already given, since the major part of many distributions ap- 
pears to concentrate around a central value with the remaining 
items distributed on either side of that value. It is only because of 
this tendency, to which further reference will be made below, 
that the Mode and, sometimes the Mean, have any value as 
representative items. If all the items in a distribution are widely 
di^>ersed and there is no tendency to concentrate around any one 
value, then clearly no average can adequately summarise the dis- 
tribution. 

1 For the purpose of this discussion the G.M. may be excluded. 
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These averages nevertheless provide only rather incomplete 
summaries of any frequency distribution, and important as say, 
the central section of any distribution may be, it is also essential 
to know what form the rest of the distribution takes. (Thus, if 
the mean age of a group of six people was 25, many varieties of 
combinations of ages would yield this Mean. Thus, 15, 16, 20, 
22,26 and 51 years yield a Mean of 25, as do the following; 22, 
23, 24, 25, 27 and 29). The position is improved if the range, i.e., 
the difference between the maximum and minimum values in the 
distribution is known. In some frequency distributions the range 
cannot be given, since the extreme values are unknown. Such an 
example is given by many income distributions in which, for 
example, the lower extreme is some unknown quantity ‘below 
£500’, while the upper limit is concealed in the group ‘over 
£2,000’. When the range is given, this together with the averages, 
provides a good deal of information about the frequency distri- 
bution. But since the existence of a single extreme value in a 
distribution will greatly distort the range, its value in describing 
the distribution is limited. It is necessary to know how typical, 
i.e., representative, of the distribution the average is; whether 
most of the values are concentrated aro i that average or 
widely dispersed through the range. Clearly, if the intermediate 
values throughout the range and their distribution can be 
described in some numerical form, a whole series can be sum- 
marised for comparative purposes in a few simple figures. The 
methods used to this end produce measures of dispersion and 
skewness. 

The Meaning of Dispersion and Skewness 

To illustrate these measures, three frequency curves are shown 
in Fig. 15, the independent variable being plotted along the X 
axis and the frequencies against the ordinate on Y axis. In the 
apex or peak of the curve lies to the left of centre of the ‘x’ axis ; 
in (3), the apex is to the right of centr;^'. The former frequency 
curve indicates that the majority of the frequencies are to be 
found around the lower values of the independent variable; in 
the latter, that the modal value is in the higher range of the 
independent variable. Fig. 15,2) shows two frequency curves 
superimposed, the continuous line is taller and narrower at the 
base, the dotted- flatter and broader. The apex of each curve lies 



Figure 15 


MEASURES OF VARIATION 


119 



120 


STATISTICS 


at the centre of the range of the variate, but whereas the smooth 
curve depicts a distribution most of whose values lie very dose to 
the modal value (i.e., given by the apex), the dotted curve depicts 
a distribution in which the frequencies are dispersed fairly evenly 
over the range of the variable. For both these curves the distri- 
bution (given by the shape of the curve) is identical on either 
side of the apex, so that both the distributions which they 
portray will have the same Mean, but the range for the ‘dotted’ 
distribution will be greater than that of ti^e other. Such curves as 
these, in Fig. IS (2>, are described as symnUetrical, those in Figs.(i) 
and (3) are skewed, or asymmetrical. 

Further inspection of the two central curves will reveal that 
any distribution which when plotted forms a symmetrical fre- 
quency curve {i.e., the curve is of the same shape on either side of 
the apex), will have all three averages, the Mean, the Median and 
Mode equal to each other. It follows that to the extent that a 
frequency curve differs from symmetry, i.e., it is skewed or asym- 
metrical, the three averages will differ from each other. As long, 
however, as the distribution is reasonably symmetrical, the 
Mode can be ascertained approximately from the other two 
averages by yet another method. Experience has shown that with 
any hump-backed distribution, the Median lies between the 
Mode and the Mean, usually one-third of the difference between 
the two measured from the PJlean. As shown in Fig. lS(i)and o) 
in any distribution the Mode is at the apex of the ’ frequency 
curve. If the curve is skewed, the Mean is pulled towards the 
longer ‘tail’, while the Median which divides the area under the 
curve into equal parts, is also pulled away from the Mode, and 
lies nearer the Mean. /From this observation the following 
formula to ascertain the Mode has been evolved: Mode = 
Mean — 3 (Mean — Median), but the reader should bear in 
mind that as with so many tools, it can only be used for its 
particular purpose with a reasonably symmetrical distribution 
and at best will generally yield only an approximate result.^ 

The Measures of Dispersion 

It is now possible to return to the measures of variation and 
skewness which are to serve the purpose of amplifying the 
generally imperfect summary of any distribution provided by 

^ The reader who has not forgotten his elementary algebra will realise that the equation will also 
gervo to give eith^ the Mean or Median, provided both the other averages are knowq, 



MEASURES OF VARIATION 


121 

the three averages.^ These measures are of two main types. The 
first is designed to measure the variation, or more accurately, 
the deviation of each item in the distribution from the sdected 
measure of central tendency, usually the Mean or Median. The 
second group provides a measure of the degree of asymmetry in 
the distribution. The first are called measures of dispersion, i.c., 
they measure the extent to which the individual items in a series 
are dispersed or distributed over the whole range. The second 
are kno'vn as measures of skewness rather than measures of 
symmetry or asymmetry. 

The Range 

The first measure of dispersion is the Range. This is usually 
defined as the difference between the smallest and largest values 
of a distribution or series. The difficulty of ascertaining the range 
where the classes at the extremes of a frequency table are ‘open’, 
has already been mentioned. Where, as is usual, the class-limits 
are given, by convention the range is taken as the difference 
between the mid-point of the first class in order of magnitude 
and the mid-point of the last class. Thus, in Table 27, on page 
126, the range of marks awarded is 45, i.e., from 13 to This is 
quite arbitrary, since as a result of the grouping of the data the 
actual value of the smallest and largest items cannot be ascer- 
tained. The weakness of the range is almost self-apparent. It 
requires only one extreme item at either end of the series to 
render it virtually valueless as a reliable indication of the data. It 
is possible to have two distributions with the same range, but 
whereas in the one the frequencies are fairly evenly distributed 
throughout the range of the independent variable, in the other 
the majority of values or observations are concentrated about a 
single value. In brief, dependence on the two extreme items 
renders the Range most unreliable as a guide to the dispersion of 
the values within a distribution. Its chief merit lies in its sim- 
plicity. 

The Quartile Deviation 

The weakness of the Range can be partially overcome if a 
measiu'e of dispersion is employed which covers only a restricted 
range of items so that any extreme values are effectively ex- 
cluded. Generally, the majority of the frequencies of a frequency 

As the dispersion increaseSp so the averages become less typical or representative. 
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distribution is to be found in the central part; hence, it is natural 
that the Quartile Deviation should have been evolved. This 
measures the dispersion of that part of any series lying between 
the two quartiles, i.e., upper and lower quartiles. 

The formula for the Quartile Deviation is written 

The smaller the result given by this formula, the less is the 
dispersion of the middle half of the distribution about the 
'Median. This is the average normally used with this dispersion 
measure. The Quartile Deviation is an absolute measure which 
is affected by the values of the observations in the distribution, 
so that the Q.D. of one distribution may be much greater than 
that of another, although the dispersion of frequencies is in fact 
smaller if, for example, the values in the latter distribution are 
much smaller than those in the former. 

This measure depends finally, like the Range, on only two 
derived limits, in consequence it is sometimes described as the 
*semi-inter-quariile range’. Unfortunately, it provides no indica- 
tion of the degree of dispersion or grouping of the other half of 
the distribution lying beyond the limits of the two quartiles. 
Consequently, some further measure is required which will indi- 
cate the dispersion of all the items throughout their range. 


The Mean Deviation 


The Mean Deviation measures the average or mean of the sum 
of all the deviations of every item in the distribution from a 
central value (either the Mean or Median). The Mean Deviation, 
therefore, provides a useful method of comparing the relative 
tendency of the values in comparable distributions to cluster 
around a central value or to disperse themselves throughout the 
range. 

The following example illustrates the basic principles under- 
lying the Mean Deviation. 

In this example the deviations are calculated from the Median 
value of £^The value of the Mean Deviation for any distri- 
bution is a mnimum when the deviations are measured from the 



edian. 

In contrast to the computation of the true Mean^sfaowp-in 
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TABLE 24 \ 


(1) 

Unit Values 

(2) 

Frequency 

i (3) 

Absolute 
Deviations 
from Median 
(Median = £4) 

(4) 

Products 
(Col. 2x3) 

£1 

3 

3 

9 

£2 

7 

2 

14 

£3 

9 

1 

9 

£4 

11 

0 

0 

£5 

11 

1 

11 

£6 

8 

2 

16 

£7 

6 

3 

! IS 


55 


77 


M.D. - £1-40. 

which involved adding to an assumed Mean the aver- 
age of the net total of deviations from that Mean, the signs + 
and — before the deviations are ignored for the purpose of com- 
puting the Mean Deviation. The reason for this arises from 
the fact akoady.«xphHTted that the sum of the deviations of the 
individual values of a series from their Mean equals zero; if then 
the signs were to be included, no other result than zero would be 


TABLE 25 


(1) 

Values 

(2) 

Frequency 

(3) 

Deviations in 
Class Interval 
Units from 

AM =- 45 

(4) 

Fd X Cl Units 

10 and under 20 . . 

2 

— 3 

— 6 

20 „ 

30 .. 

4 

— 2 


30 ;; ;; 

40 .. 

4 

— 1 

— 4 

5) .. 

50 , . 

8 

0 

0 

5o „ „ 

•60 .. 

6 

1 1 

6 

60 

70 .. 

3 

2 1 

6 V y> 

70 „ 

80 . . 

2 

3 

6 * 



29 


0 





-• 


M D. igr.<j*^ing signs = 


36 

29 


X C.I. 


1-24 X 10 - 12*4. 
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obtained.! By treating all the deviations as positive, the Mean 
Deviation is 12-4. The foregoing example illustrates the method. 

The signs may justifiably be ignored, since this measure is not 
designed to reveal the manner in which the values are distributed 
about their Mean. In other words, it is not designed to indicate 
how many of the frequencies lie below the Mean or Median, or 
above it. That is indicated by the skewness measures. The M.D. 
is concerned with the extent to which the values are dispersed 
about the Mean, regardless of whether th^ majority of ^;alues are 
greater than the Mean or smaller. 

The computation of the Mean Deviation is much more com- 
plicated where the Mean or the Median proves to be an awkward 
number entailing tedious arithmetical calculation in deriving the 
products of the deviations and their respective frequencies. In 
such cases an arbitrary origin or assumed mean is selected and 
the adjustment is made at the end on lines similar to the correc- 
tion made when calculating the Mean from an arbitrary origin as 
on p. 99. This difficulty usually arises with grouped distributions 
in which the Mean proves to be an awkward fraction for further 
calculations. Often the mid-point of the middle grcuip is 
arbitrarily selected as the value,* from which the deviations may 
be computed. These points will be illustrated in the examples 
showing the computation of the next measure of dispersion. 
The rather complex method 'of calculating the M.D. from an 
arbitrary origin is not dealt with here, since tliis particular 
measure of dispersion is little used. 

^The Standard Deviation 

This is by far the most important of the dispersion measures. 
The Mean Deviation is nowadays only of academic interest, and 
in practice has been replaced by the Standard Deviation, which 
enters into so many of the advanced formulae. 

From the point of view of the mathematician, the practice of 
ignoring the signs before the deviations when computing the 
Mean Deviation is quite unjustifiable, and in consequence the 
Mean Deviation is unsuitable for use in further calculation. On 
the other hand, to leave the signs in, will, as has already been 
pointed out, reduce the Mean Deviation to zero. The Standard 
Deviation overcomes this problem by ‘squaring’ the deviations. 

^ Terin«d the ‘arbitrary origin' or the ‘assumed* mean. 
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TABLE 26 *(}>- 

Calculation of the Standard Deviation 


Classes 

/ 

Deviation ! 
from 

A.M. (45) 

fx.d 


10 and under 20 . . 

2 

— 30 

— 60- 

1,800 

20 

„ „ 30 .. 

4 

— 20 

— 80 

1,600 

30 

„ „ 40 . . 

4 

— 10 

— 40 

400 

40 

„ .. 50-.. 

“ * *8 

0 

0 

0 

50 

, , 60 .. 

6 

10 

60 

600 

60 

70 .. 

3 

20 i 

60 

1,200 

70 

.. 80 .. 

2 

30 

60 

1,800 



29 

1 j 

— 180 + 180 

7,400 


S.D. 

S.D. 


J 

J 


Sum of frequencies x deviations squared _ 
Sum of frequencies 

29 



2 / 


S.D. \/ 255*172 = 16 (answer rounded to nearest unit since the 
original data do not justify greater accuracy). 


Thus, ( — 2)^ is 4, just as the square of + 2 is 4. As with the 
Mean Deviation, the sum of the products is divided by the total 
frequencies. UTiie mean of the sum of the squared deviations is^ 
known as the variance, but before it can be related to any 
other statistic, e.g., the mean, the square root of the variance 
must be obtained. This is k nown as the Standard Deviation. The 
example above indicates the principle ; the reader should 
compare the result with the Mean Deviation computed from the 
same data above in Table 25, He will note that the Standard 
Deviation is larger, owing to the fact that the process of squaring 
gives relatively greater emphasis to the extreme values in the 
distribution. 


Short Method of calculating the Standard Deviation 

The deviations are usually measured from the Mean of the 
distribution, but if, as is often the case, the Mean is not a round 
number coinciding with say the value of the mid-point of any 
class, then the calculations could be extremely tedious. Con- 
sequently, a method has been evolved to avoid this, which in its 
essence is the same as the short method for calculating the Mean 
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itself.* It will be remembered that an assumed Mean was chosen 
and from it the differences for each class worked out in terms of 
class intervals and the residual or net difference converted and 
deducted from or added to the value of the assumed mean. To 


TABLE 27 

Examination Marks Awarded to 392 Candidates 


Oasses 

i 

Mid-points 'Frequencies 

(2) (3) 

Deviations . 

(4) • 

fxd' 

=^fd' 

(5) 

1 fd' X d' 

= fd'* 

(6) 

11 . 

. 15 

13 

6 

— 5 

— 30 

150 

16 . 

. 20 

18 

12 

— 4 

— 48 

192 

21 . 

. 25 

23 

30 

— 3 

— 90 

270 

26 . 

. 30 

28 

53 

— 2 

— 106 

212 

31 . 

. 35 

33 

77 

— 1 

— 77 

77 

36 . 

. 4a* . 

. ^ 3^ ' 

; ' 96 - 

* “O' 

0 

0 

. 

. 45. 

43 

54 

1 

54 

54 

46 . 

. 50 

48' 

• 37 

2 

74 

148 

51 . 

. 55 

53 

19 

3 

57 

171 

56 . 

. 60 

58 

8 1 

392 

4 

32 

— 134 

128 

1,402 


calculate the Standard Deviation the same procedure is em- 
ployed with the additional step of multiplying the products of 
the frequencies and deviations, by the deviations. This is the 
‘squaring’ of the deviations required for the Standard Deviation. 
Then, as for the A.M., a correction is introduced to derive the 
Standard Deviation of the distribution from the true mean. 
Table 27 provides a simple example, the successive steps in the 
calculations are detailed below. 

1. The selection of the mid-points of the classes is relatively 
simple. The series is discrete, since the individual values are 
determinate amounts, /.c., one unit is the minimum varia- 
tion. The mid-points are derived by halving the sum of the 
limits of the individual class. 

2. The deviations are measured from an assumed origin (38, the 
mid-point of 36-40 group), instead of the true Mean, which is 
unknown, and a correction will have to be introduced later 
to offset the discrepancy this method will introduce into the 
calculation. 

I If the student reader has forgotten the process he should refresh his memory bv reference tc pp. 
97 - 99 . 






MEASURES OF VARIATION 


127 


3. The deviations from the assumed origin are expressed, as can 
be seen in Col. 4, in terms of class intervals (multiples of 5) 
and the result will be expressed in these terms. 

4. Col. 5 gives the products of the frequencies and the devia- 
tions (Col. 3 X Col. 4). This column is important since from 
it is derived the correction to adjust the error introduced by 
calculating the Standard Deviation from an arbitrary origin. 
The net products will also provide the fraction for computing 

the Mean, thus the true Mean equals 38 + (-3«) X 5 == 

38 — 1 -7, or 36 to the nearest unit. > 


5. Col. 6 gives the results of multiplying Col. 5 (/.e., products of 
frequencies and deviations) by the deviations.' TTiis can be 
verified by squaiing all the deviations in Col. 4 and multi- 
plying the squared products by their respective frequencies 
in Col. 3. The results will be the same as given by the method 
shown in Col. 6. 

The Standard Deviation from the assumed mean ean now be 
calculated by dividing the total of Col. 6 by the total frequencies 
and extracting the square root of the quotient, and from this the 
correction for the use of an assumed Mean is taken. The student 


should note that the correction fraction 


(139^) 


for the A.M. as it is for the S.D. except that for the latter cal- 
culation it is squared. The calculations are as follows: the usual 
symbol for the Standard Deviation is cr.^ 


/ 1 , 402 ^ 
\ 392 


c»r)' 

//l,4d2\ /— D4\* 

V V 392 / V 392 / 




It should be noted in passing, that the correeiion fraction should be 
squared and subtracted from the other fraction, before the square root is 
calculated. 


a =-^3-5765 — (-3418)* - \/y5165 — -1169 
= \/3-4596 = 1-86 

But a is still in class-interval units, to convert to the original units 1*86 is 
multiplied by 5; a a a in original units ^ 9*3 or 9. to nearest whole unit. 


1 The usual symbol for the Standard Deviation is C7 (little sigma), but S.D. wilt serve equally well. 
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The Standard Deviation is the square root of the average of 
the squared deviations measured from the Mean. It is some- 
times described as the root-mean-square deviation, although the 
only advantage to be derived from this name is that it indicates 
the method of calculation. 

Characteristics of Dispersion Measures 

The major characteristics of the measures of dispersion may 
be summarised as follows : 

Range 

1. The simplest to derive and the easiest to comprehend. 

2. Its value as an indication of the variation in the data may be 
virtually nullified by the existence of one exceptionally large 
or small value. 

3. It provides no indication as to the distribution of the fre- 
quencies between the limits of the range. 

Quartile Deviation 

1. This measure is not difficult to calculate, but covers only half 
the items within the distribution. It does eliminate, however, 
the risk of extreme items which may seriously distort the 
Range. 

2. As with the Range, its value is based on the values of the two 
limits, i.e., Qx and Qs with all the attendant disadvantages 
arising from this fact. 

3. It bears no relationship to any fixed point in the distribution 
as do the M.D. and S.D. ; nor is it affected by the distribution 
of the individual values lying between the quartiles. 

Mean Deviation 

1. Unlike the Q.D. it is affected by every value in the distribu- 
tion. 

2. It indicates the extent of the deviation of all values from a 
given value, in this case the Median or Mean of the distribu- 
tion. 

3. For the purpose of f urther mathematical treatment the M.D. 
is unsatisfactory. 

Standard Deviation 

1. Like the M.D., it includes every value of the distribution. 
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2. It is itself the result of correct mathematical processes and 
thus further calculations may be based upon it. 

3. It is the best measure of dispersion and, as will be seen in the 
later chapters, is of very great importance for sampling theory. 

CoeflScient of Variation 

It cannot be sufficiently emphasised that all measures of dis- 
persion are in terms of the units in which the original values are 
expressed. Thus, the S.D. of men's heights, weight of cotton 
bales and salesmen’s salaries will be expressed in inches, hun- 
dredweights and pounds sterling, respectively. These measures 
of absolute variation cannot be compared with each other, if' 
expressed in differing units, or if the average values of two dis- 
tributions in a comparable field are widely dissimilar. Thus, in 
the case of differing units, if the A.M. and S.D. of one distribu- 
tion are expressed in centimetres, and for the other in feet, the 
units must either be converted to a common base, e.g., both 
series in feet ; or a standard measure devised which ignores the 
original units of measurement. Similarly, where the means of the 
distributions are widely dissimilar, e.g., the average levels of re- 
muneration received by the administrative and labouring sec- 
tions of a large organisation, respectively, then the dispersions 
within the two groups can only be compared by relating them to 
some ‘equalising’ factor. 

This is done by turning the absolute measure of dispersion, 
i.e., the S.D., into a relativ .! measure. More precisely, the S.D. is 
related to some other measure directly connected with the same 
distribution, e.g., it is frequently expressed as a percentage of the 
Mean of that distribution. This ne'v measure is termed the Co- 
efficient of Variation, normally written as CV — Where 

the series being compared are expressed in the same unit of 
measurement and the Means are similar, no advantage is to be 
gained by calculating the coefficient of variation. The S.D. is then 
quite sufficient.^ 

Measures of Skewness 

So far, only the first group of measures of variation have been 
covered, those which indicate the dispersion of the frequences 
throughout the lange of the independent variable. 
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The second group was described as measuring the degree of 
symmetry of any distribution plotted as a frequency curve. Any 
curve which is not 'symmetricar may be described as ‘asym- 
metrical,’ or ’’skewed.' The latter term is generally employed and 
the statistician refers to measures of skewness. Most ‘hump- 
backed’ or uni-modal frequency distributions are skewed (i.e., 
not symmetrical); and to that extent the characteristic of a 
s}munetrical distribution, i.e., identity of values of A.M., 
Median and Mode, is absent. 

It is a logical step, therefore, to develop some measure which 
shows the degree to which these three measures of central ten- 
dency diverge. The difference between them provides the first 
measure of skewness. This difference, however, could be un- 
satisfactory on two counts. 

1. It would be expressed in the unit of value of the distribution 
and could therefore not be compared with another compar- 
able series expressed in different units. 

2. Distributions vary greatly and the difference between, say, 
the Mean and Mode in absolute terms might be considerable 
in one series and small in another, although the fretjuency 
curves of the two distributions were similarly skewed. 

If the absolute differences were expressed in relation to some 
measure of the spread of the values in their respective distribu- 
tions, the measures would then \:^'relative and not absolute and 
therefore directly comparable. 

The above consideratidils form the basis of Professor Karl 
Pearson’s formula for deriving what is known as a coefficient of 
skewness: 

Mean — Mode 
^ SD 

The Mode was criticised in an earlier chapter as being particu- 
larly difficult to determine precisely for many frequency distribu- 
tions. Consequently a variation of this formula is used: 

_ 3 (Mean — Median) 

An alternative measure of skewness has been proposed by the 
late Professor Bowley. This is based on the relative positions of 
the Median and the Quartiles. If the distribution were sym- 
metrical then Qi and Qs would be at equal distances from the 
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Median. Then it follows that (Qa — Me) — (Me — Qi) = O. 
The more skewed the distribution, the larger will be the dif- 
ference between these two quantities, which can be re-arranged as 
follows: (Qa — Me) — (Me — Q^) = Q, + _ 2Me. This 

measure of skewness is expressed in absolute terms so that if 
there were two distributions, one highly skewed and the other 
much less, comprising very different-sized variables, e.g. pounds 
and ounces, then despite the fact that the distribution with the 
large values was less markedly skewed than the other, the above 
measure of skewness would yield a largef result. To overcome 
this weakness, the absolute measure is converted into a relative 
measure (as in the Pearson coefficient above) by relating it to the 
Quartile Deviation, which is itself a reflection of the absolute 
variation of the independent variable. Thus, we get: 

, Qs + Qi — 2Me 2(0* + Qi — 2Me) 

Oa — Qi ’ Qa--Qi 

2 

Beyond the fact that symmetry (i.e., complete absence of 
skewness) is indicated by 0 (zero) in both the above formulae, 
i.e. Bowley’s and Pearson's, the coefficient of skewness derived 
by the two measures are not comparable. 

Formulae for Measures of Dispersion 

The mathematical notation of the measures of dispersion like 
those of the Arithmetic M. an, given in the preceding chapter, is 
fundamentally simple. 

Only two of the four measures of dispersion are so expressed, 
the M.D. and the S.D. 

The Mean Deviation calculated from the true Mean of an un- 
grouped series: 

_1.\d\ Sum of the deviations (ignoring signs) 

■ ■ ~ N ' ’ number of items 

When the data are in the form of a frequency distribution, 

'S.f\d\ Sum of frequencies X deviations (ignoring signs) 

~ Z7 " ’’ Sum of frequencies 

The Standard Deviation is usually represented by the sign o 
(small Greek letter ‘sigma’), but S.D. is often used. 
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The S.D. from an ungrouped distribution: 



The S.D. of a grouped frequency distribution computed from 
the true Mean; 


a 



Equally one can write: a == 



■ D/- 


since 2/ and N both refer to the total frequency. 

If the S.D. is computed from an assiun^ Mean or arbitrary 
origin, then: 


<T 



N 



Where the symbol d' denotes devia- 
tions from arbitrary origin or 
assumed mean. 


If the calculation has been performed with the deviations ex- 
pressed in group intervals: 




N ) 


where i = group interval. 

The same comment applies here as was made in connection 
with the formulae for the various averages. If these processes are 
really understood, these forrgulae can always be constructed. 
Nevertheless, most students prefer, sometimes unwisely, to rely 
on their memories. 


Conclusions 

The student has now reached the end of what may be termed 
‘descriptive statistics’. After collection of the data, all the pro- 
cesses described so far have been in the nature of summarizing 
with the object of making simple comparisons. Such com- 
parisons can be made as between two or more distributions by 
means of simple tables, or by use of diagrams as was shown 
in Chapter V. The next stage was to summarise the data still 
further by means of ‘averages’ and at the beginning of this 
chapter (p. 1 1 7) it was explained that such averages may describe 
a distribution very imperfectly. In fact, two widely disparate 
distributions can have identical means, but whereas in the one 
case the range of the values is very slight, in the other it is con- 
siderable. Hence, it is essential to calculate statistics which will 
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measure not merely averages, but measure and describe the 
degree of dispersion. In statistics, it is not the tendency for 
many observations or values to conform to an average that is 
significant; rather it is the tendency for values to deviate from 
the norm which interests the statistician even more. The im- 
portance of variations about an average will be discussed in the 
next section of this book. ^ 

\A Worked Example 

^ It may help the reader if at this stage a complete worked 
example giving the various averages and measures discussed so 
far can be traced through the various stages. 

The figures in the table below relate to the employed male 
population classified according to their age. 


TABLE 28 

Analysis by Age of Employed Males in Great Briiain, May 1957 

(Thousands) 


Age 

Great Britain 

London and 
S.B. England 

19 years and under 


1.094 

211 


24 years 

1,237 

286 

25 „ 

29 „ 

1,512 

359 

30 

34 „ 

1,594 

382 


39 „ 

1,546 

369 

40 

44 „ 

1,515 

373 

45 

49 

1,560 

398 

50 

54 

1,473 

374 


59 „ 

1,192 

291 

60 „ 

64 ,, 

880 

212 

65 years and over 


597 

164 

Total 

. . 

14,200 

3,419 


Source: Ministry of Labour Gazette, April, 1958, 

The calculations are set outin full below for ‘Great Britain’ and 
‘London and S.E. England’ with a step by step commentary on the 
first set of figures. In particular the selection of mid-points should 
be noted. The first class is assumed to have a lower limit of 15 
years, since this is the school leaving age. When, as is often the 
case, the lower limit is not given for the first class, the statistician 
must make the best estimate he can. For example, data from the 
1953/4 Household Expenditure Enquiry were classified with the 
first group ‘Under £3’. It would be illogical to assume that the 
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mid-point was IJ, based on an interval of £0-3. Even the 
poorest household probably has at least £2 each week so that 
the best estimate of the mid-part for that class would be £2^. 

Returning to the data in the above table, it will be seen that 
each class is written as, e.g., 20 and under 24 years. The upper 
limit of this class is for all practical purposes 25 years less one 
day, i.e., a male whose birthday falls on the day after this 
registration is classified as 'under 25’. We treat age in this case as 
a continuous variable so the mid-points will be 

?^= 22-5 

2 

/.e*, the sum of the lower limits of two successive classes. Had the 
age of each male been given to the nearest year, e.g., age on last 
birthday, then the classification used would have been 20-24, 
25-29, and the distribution would be discrete. In this case, the 
mid-points would be 22, and 27 years. This can be demon- 
strated quite simply by setting down all the possible ages classi- 
fied between 20-24, , /.e., 20, 21 , 22, 23 and 24; of which 22 is the 
mid-value. Since the above variable, however, is continuous and 
the ages classified in the class ‘20 and under 25’ range fr^m 20 
years exactly to 24 years 364 days, the mid-point is 221 years. In 

, 15 + 20 

the first class the mid-point is — ^ — = 17.\ years. 

TABLE 29 

Data for Great Britain from Table 28 


rCdO’-rCI Cura.f. 



d'~CI 

fd' Cl 

—5 

— 5,470 

—A 

— 4,948 

—3 

— 4,536 

— 2 

— 3,188 

- 1 

- 1,546 

0 

— 19,688 

-r 1 

V 1,560 

-2 

-f 2,946 


r 3,576 

I +4 

+ 3,520 

+ 5 

+ 2,985 


C+ 14,587 


— 19,688) 

i 

— 5,101 


27,350 

19,792 

13,608 

6,376 

1,546 


10,728 12,723 

14,080 13,603 

14,925 14,200 

115,857 
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For all the other classes but the last in Table 29 the class 
interval is five years. The final class, however, is open-ended but it 
is treated as having the same class interval on the assumption that 
there are probably roughly the same numbers of men over 67^ 
years employed as between 65 and 67i. The choice may either 
over- or under-estimate the numbers of males over 67 J years 
still employed, but as the number in this class is relatively small, 
any error in the assumption is likely to have a very slight effect 
on the final answer. 

Working on the figures for Great Britain, the first calculation 
provides the Arithmetic Mean. It is simplest to use the short-cut 
method of working in deviations from the assumed mean (42J 
years, i.e., the mid-point of the class 40 and under 44 years) 
measured in group intervals: 

, /— 5,101 \ 

AM ~ 424 4 I I 5 years 

® V 14,200 / 

= 42J 4- 5 (— 0-36) years 

42J — 1-8 years 

.i, 41 years (to nearest year) 

The Standard Deviation is derived from the formula : 


fd' ^ / Z/rf' Y 

N \ N J 


i.e., working in class intervals from the assumed Mean. 

Substituting the true values for the symbols in the above formula 


SD-~ / — 5,101 y 

V 14,200 \ 14,200/ 


= Vs- 1589 —(0-36)* X 5 
“ V8- 1589 0-1296 x 5 

V8-0293 X 5 

= 5(2-834) 14-17^= 14 years to nearest year. 

The Median from a grouped frequency distribution is derived by the 

formula — . Thus: 


14,200 


= 7,100th item which lies in the group 40-44 years. 
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Thus the value of the Median by interpolation 

_ . /T.IOO — 6.983\ , 

= 40 + I j X 5 years 


= 40 + 


(—) X 

\1,515/ 


= 40 + 5 (0-077) = 40 years 5 months. 

= 40 years to nearest year. 

The values at the Quartiles are derived in the same way 
14,200 

Cl — A — “ 3,550th item 


/3,550 — 2,331\ 

= » T - ) - ^ 

(—) X 5 
\I,515/ 


Q, 


- 25 4- 

= 25 + 5 (0*805) =- 29 years to nearest year. 
3(14,200) 

; = 1 0,650th item 


/ 10,650 10,058\ 

^ (-- w- ) 

(—) 

Vi.473/ 


50 + 5 


50+ 5 (0-402) 52 years to nearest year. 


The Quartile Deviation is easily obtained by using the above results in 

Qs — Cl 

2 


the formula QD == 
52 — 29 


23 


2 years = — llj years 


The Cdefficient of Variation is derived from 
100 X 14*2 1,420 


100 X S.D. 
AM 


40-75 


40*75 


== 



MEASURES OF VARIATION 
TABLE 30 

London and South East England 
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Age 

No. of 
employed 
males 

Mid- 

point 

d-rCI 


B 


Cum.f. 

1 9 years and under 


211 

17JI 

—5 



1,055 

5,275 

211 

20 .. 


24 years 

286 1 

221 

—4 

— 

1,144 

4,576 

497 

25 .. 


29 


359 

27i 

—3 

— 

1,077 

3.231 

856 

30 „ 


34 


382 

324 

—2 

— 

764 

1,528 

1,238 

35 .. 

»* 

39 


369 

374 

—1 

— 

369 

369 

1,607 

40 „ 

»« f f 

44 


373 

m 

—0 

— 

4,409 

0 

1,980 

45 


49 


398 

471 

+ 1 

+ 

398 

398 

2,378 

50 „ 


54 


374 

52* 

+ 2 

-■1- 

748 

1,496 

2,752 

55 „ 


59 


291 

57* 

-^-3 

f- 

873 

2,619 

3,043 

60 


64 


212 

62* 

-f4 

4- 

848 

3,392 

3,255 

65 years and over 



164 

67* 

+ 5 

4- 

820 

4,100 

3,419 


Total . . 



3,419 



<+ 

3,687 

26,984 










4,409) 










— 

722 




The calculations follow the same pattern as for the first distribution and 
no comment is required. 

AM - 42i -I- '< 5 - 42i + ( -0-2l)5 

\ 3,419/ 

42^ — 1*05 41 years to nearest year. 



r^-'Vx 

V N 

\ N J 

/26,984 

/-722y 

V "^419 

V 3,419/ 

= V''7-8924- 

- (—0-21)* X 


--- \/7- 8924 — 0 0441 X 5 


v'7-8483 X 5 

--- 5 (2*801) 14*005 14 years to nearest year. 

1,709*5 — 1,607 102*5 

Median --- 1,709*5 - 40+5 = 40 + 5 

= 40 + 5 (0*275) = 41 years. 

Quartile Deviation: 


^ 3(3,419) 10,257 

Position of Qa = — — 
4 4 


2,564^ rank 
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Value of 


03 = 50 4 - 


5(2,564i — 2,378) 
374 


= 50 + 


5(1 86i) 
•374 


- 50 + 


931 ^ 

374 


= 50 - 1 - 2-489 


Position of 


52 years to nearest year. 
3,419 


Value of Qi ----- 25 -h 


=-~- 25 


= 854| rank 

5(8542 — 497) 
359 

5(357J) 


359 


1 788 ’^ 

25 + - 3 ^ = 25 4- 4-98 years 


= 30 years 


Quartile Deviation 


0 ] 

2 

1 1 } years 


Coefficient of Variation 



2 


S.n. X J^OO 1 4-005 X 100 
AM ' " " 41-5 


140^0 
41*5 ’ 


33*74% 


It will be noted that several places of decimals have been used in the 
calculations above. However, in the comparison of results below all the 
statistics have been rounded to the nearest year as this approximation is 
adequate for the data involved and any greater degree of accuracy is un- 
obtainable from data classified as in the original tables. 

'*» London and 



Great Britain 

S.l£. England 

Number in thousands 

14,200 

3.419 

Arithmetic Mean 

41 years 

41 years 

Median value 

40 „ 

41 

Lower Quartile C?j value . . 

29 „ 

30 „ 

Upper Quartile value . . 

52 

52 

Quartile I>iviation 

12 „ 

11 .. 

Standard I>eviation 

14 „ 

14 

Coefficient of Variation 

35% 

34% 



CHAPTER VIII 


ACCURACY AND APPROXIMATION 

Most people tend to think of values and quantities expressed in 
numerical terms as being exact figures; much the same as the 
figures which appear in the trading account of a company. It 
therefore conies as a considerable surprise to many to learn that 
f ew statistics are exact. Many published figures are only approxi- 
mations to the real value, while others are estimates of aggre- 
gates which are far too large to be measured with precision. For 
example, the Monthly Digest of Statistics contains many series 
of economic statistics which are expressed to the nearest million 
pounds, or hundreds of thousands of yards, or thousands of 
tons. It would be very satisfactory to know that every figure in 
that Digest was correct to the nearest unit, but in many cases it 
would be quite impossible to achieve complete accuracy, for 
some units are always missed out in a count involving hundreds 
and thousands of units. To achieve such accuracy would also 
take a great deal of lime so that when finally these statistics were 
published they would be so much out of date as to be useless. 
With economic data, early publication is usually more important 
than precision to the last unit. If action is required on the 
evidence of these data, the sooner it is taken, the better. In many 
series, it is not so much the aggregates themselves which are of 
interest as the pattern of change which emerges over a period of 
months. A good example is provided by the quarterly figures of 
prospective capital expenditure.^ Provided gross errors in col- 
lection of these data are avoided, approximate figures will serve 
this particular purpose of indicating trends and changes very 
well. 

Approximate Data 

The simplest way of indicating that figures are not given pre- 
cisely to the last unit is to express them to the nearest 100 or 
1,000; or in some cases to the nearest 100,000 or million. Take, 

1 This series is discussed in Chapter XVII. 
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for example, the annual raid-year estimates of the population of 
England and Wales. These are based upon the figure for the last 
census plus the net increase (decrease) in respect of births and 
deaths together with net migration. This pre-supposes that the 
census figure was accurate, and the fact that we are informed that 
43,747,888 persons were enumerated in England and Wales on 
the ni^t of 8th April, 1951, suggests a quite remarkable degree 
of accuracy. It is, however, certain that some persons were 
missed out in the census count. The birth qind death registration 
system in England and Wales is very reliable but the figures for 
migration are not so good. Hence, the estimate of the population 
of England and Wales at any date after 8th April, 1951, until the 
next census is inevitably subject to a margin of error. For this 
reason, the mid-year estimates are given to the nearest l,(XliO 
while the population of most large towns is given to the nearest 
100, the two degrees of approximation reflecting the relative 
reliability of the published estimates. 

This desire for precision is reflected in many reports on 
economic trends which quote figures in great detail, rather than 
emphasising the trends and movements reflected in the figures. 
For example, if the exports of a particular product rose last year 
to £20,879,169 from £13,998,372 in the previous year, it is much 
clearer to state that the value of exports rose from about £14 
million to approximately £21 million; alternatively, that this 
year’s figure of almost £21 million was half as large again as that 
for last year. It is important to distinguish the purposes to which 
such published statistics are to be put; if they are merely inserted 
to indicate the course of events or approximate magnitude of the 
variables, then rounded figures which are immediately compre- 
hensible are infinitely preferable to the exact figures. On the 
other hand, if a detailed analysis is to be carried out then the 
results may have to be given to the nearest unit. 

The practice, described above, of expressing large figures more 
simply, i.e., by dropping the last few digits, is described as 
rounding. This is done with the mid-year estimate of the 
population, the total being expressed to the nearest thousand, 
and such rounding implies that the last digit in the rounded 
figure is correct. The following are other methods available. 
Assuming the original figure to lie within the limits of 82,500 to 
83,500, we may write: 
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(1) 83,000 ± 500. 

(2) 83,000 correct to *6 per cent. 

(3) 83,000 correct to nearest 1,000. 

In order to simplify statistical tables, the practice of rounding 
large figures and totals is generally resorted to. Where the con- 
stituent figures in a table together with their a gg regate have been 
so treated, a discrepancy between the rounded total and the true 
sum of the rounded constituent figures frequently arises. Under 
no circumstances should the total be adjusted to what appears 
to be the right answer. A note to the table to the effect that the 
figures have been rounded, e.g. to the nearest 1,000, is all that is 
necessary. The same remark applies to percentage equivalents of 
the constituent parts of a total; if they do not add to exactly 100 
per cent, leave them. This has been done in the 1955 column of 
Table 10 (page 49). The error arises here because each regional 
percentage has been calculated to two places of decimals and 
then rounded to the nearest first place. Similarly, in Table 9 the 
column headed ‘Net Output’ does not add up exactly to the 
total shown, due to the fact that the values for each class have 
been rounded to the nearest £000. 

Biased and Unbiased Errors 

The rounding of individual values comprising an aggregate can 
give rise to what are known as unbiased or biased errors. Table 
31 below illustrates this. 1 he biased error arises because all the 
individual figures arc reduced to the lower 1 ,000, as in column 3 ; 
or as in column 4, where they have been raised to the higher 1 ,000. 

The unbiased error is so described since by rounding each 
item to the nearest 1 ,000 some of the approximations are greater 
and some smaller than the original figures. Given a large num- 
ber of such approximations, the final total may therefore corres- 
pond very closely to the true or original total, since the approxi- 
mations tend to offset each other. This is true of Column 2, 
which totals 75,000, the same as the actual total expressed to the 
nearest 1,000. It is possible even if rather unlikely, that the ‘un- 
biased’ total may be very different from the true total if most of 
the approximations are in one direction only, e.g., a group of 
figures each rounded to the nearest ‘000’ where most of them 
lie just above ‘500’. The larger the number of values, however, 
the less likely is the total to differ from their true aggregate since 
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tbti rotmding of each figure will tend to balance out. 

With tihye biased approximations, the errors are cumulative and 
thdir aggregate increases with the number of items in the series. 
^Biased* errors may arise in a variety of ways. If a number of 
women are asked to state their ages, and an average is com- 
puted, the latter is quite likely to be lower than the ‘true’ average, 
since many of the informants will tend to understate their ages 
by a year or so. Likewise, an administrative officer in computing 
his probable staff requirements in a group of offices may, to be 
on the safe side, over-estimate his needs for each office.Similarly, 
data based on readings from an inaccurate shde-rule, thermo- 
meter, or similar measuring instrument will be consistently 
biased in the same direction, /.c., either above or belou the true 
figures. 

Absolute and Relative Errors 

Errors may be measured in two ways: A^'^solutch and Rthi- 
tively. The absolute erroi is the aiithmclic difleicnce between the 
approximated figure and (he original quantity. Thus, in 7 able 3 1 , 
the absolute error in the total arising fiom the ‘unbiased’ rownd- 
ing in Column 2 is - 182 

The relative error is generally derived by expicssing the abso- 
lute error as a fraction of the estimated lota!, /.e., 75,000 Thus 
182 

_ „ = — 0024. The same calculations ha\e been peifoimcd 
75,000 * 


FAULL 11 

EXAMPI FS Of Rt>UNDINO ANI> Bl \SI I> FrRORS 


Actual 

Unbiased 

Blast d 

Biased 

Tigurcs 

(0(X)) 

(Lowl! 000) 

(Highei 000) 

(1) 

(2) 

(3) 

(4) 

17,118 

17 

17 

18 

6n 

1 

0 

1 

1,251 

1 

1 

7 

8,362 

8 

8 


15,443 

15 

15 

16 

7,645 

8 

7 

8 

11,750 

12 

11 

12 

10.509 

11 

10 

11 

2,480 

2 

2 

3 

Total 75,182 

75 

71 

SO 
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for both the biased errors, where the estimated figures are ad- 
justed downward to the nearest 1,000, i.e., in Column 3 the 
relative error is — 0590, when the figures are adjusted upwards, 
the error is + -0602 (Col. 4). 


Actual Absolute Error — 182 


Actual Relative Error 



4,182 
V 71.000 


) 


= — 5*90% 


-f4.818 
/■f 4,818\ 

V 80,000 J 
= + 6 02% 


Average, 8,353-5 8,333-3 7,888 ’8 8.888-8 

Absolute Error in Average 

-aoi (—■'»') + 

Relative Error in Average 

/— 182 . 75.000\ /~4.18l^ 71.000\ / 4.818^ 

\ 9 9 J \ 9 9 ) \ 9 9 ) 

0-24% = _5.90% = + 602% 

The advantage of relatives is that widely differing quantities 
can be compared in similar terms. Thus, an error of 100,000 in 
£10 million is the same as 5 in £500, i.e., I per cent. 

The absolute error in the aggregate of a series will tend 

to increase with the number of items. The relative error in the 
total figure will, generally speaking, tend to diminish as the 
number of items increases. If, however, every item added is 
biased by the same proportion as is the total before that item 
is added, then the relative error in the total will be unchanged. 

The remainder of the calculations below Table 3 1 are simple, 
involving the calculation of the absolute and the relative errors 
in the average. The results in this case provide an indication of 
the accuracy, not of the aggregates themselves, but of the aver- 
ages computed from those aggregates. The reader will note by 
reference to Table 31 that the relative error in both the average 
and the aggregate is the same. Generally, in any series where the 
individual figures have all been rounded to the same unit, (e.g., 
rounding to nearest ‘000’ means an error ± 500), then the average 
of the total is more reliable than any of the individual figures. 


Elrrois in Calculations 

Wherever any arithmetical calculation involving approxi- 
mated figures is carried out, and the degree of error in those 
figures is known, it is possible to estimate the error arising in the 
final result. Starting with simple addition: 
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Add 56,CXX), 7,000 and 20,000 correct to 5 per cent., -5 per 
cent., and -05 per cent, respectively: 

56.000 5% of which is 2,800 

7,000 -5% of which is 35 

20.000 ‘05 % of which is 10 


83,000 2,845 


The aggregate is 83,000 db 2,845, /.e., jporrect to 3-43 per cent. 
Thus, the error in the aggregate is the sum of the absolute errors 
in the component items. 

For subtraction the difference will be at a minimum if the 
estimate of the larger figure is assumed to be below the true 
figure by the amount of error, and the smaller estimated figure 
to be subtracted is above its true amount by the amount of error 
shown. A maximum result is obtained if the reverse of the above 
case applies. Assuming that 45,000 is to be subtracted from 
72,000, and the former figure lies between 44,000 and 46,000, and 
the latter sum between 71,500 and 72,500, then: 

Maximum difference Minimum difference 

72,500 71,500 

44,000 46,000 


28,500 


25,500 


™ • (28,500 -}- 25,500) . 

The answer is 2 “ 27,000 j:; 1 ,500, i.e., correct 

to 5-55 per cent. With subtraction, as with addition, the error in 
the answer is equal to the sum of the errors in the individual 
amounts, i.e., rb 1,0(X) and ± 500 = ± 1,500. 

When multiplying two rounded values together, it is usual to 
show both the result and the maximum possible error which 
could have occurred in it. This is derived as follows. The product 
of two values, 12,500 and 4(X), is 5 million. Assume that the 
larger value has been rounded to the nearest 5(X) and the other 
value to the nearest 50. Thus the true values might have read 
12,749 and 424 which when multiplied together give a product of 
approximately 5*43 million. The maximum error in the original 
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product of 5 million is thus 0*43 million which is equal to an 
error of 8 J per cent. Therefore, the answer to the multiplication 
given above would be written 5 million ±8^ per cent. 

With division the same principle is applied. If the total 300,000 
is divided by 500, the quotient is 600. If the dividend had been 
rounded to the nearest 10,000 and the divisor to the nearest 10 
units, then the maximum error in the above quotient of 600 is 
derived when we divide the smallest possible divisor into the 
largest possible dividend, i.e., 496 into 304,999, which gives 615. 
In other words, there is a maximum error of 1 5 in a figure of 
600, which is equal to zt:2J per cent. 

It should not be necessary to memorise the various formulae 
which are sometimes evolved for these operations, usually 
remembered at the expense of the principles on which they are 
based. All that needs to be kept in mind is that the maximum 
error is always possible. Generally speaking, no amount of 
ju gg ling with figures can increase the accuracy of the result if 
the original data are liable to error. The result of any calculation 
involving approximation can be no more accurate than the least 
accurate of the figures used in the calculation. Thus, in stating 
the final result, it may be advisable to give it to at least one 
significant figure less than found in the least accurate factor 
employed in the calculations. The same point should be borne in 
mind when calculating means and medians, etc., from grouped 
frequency distribution where the class-interval is large. 

Use of Ratios 

Earlier in the chapter the value of relatives as against absolute 
quantities for comparative purposes was mentioned. The main 
feature to be remembered is that a ratio or percentage expresses 
the variation in the data, irrespective of its actual or absolute 
size. Thus an expansion in a firm’s turnover from £500,0(X) to 
£750,000 is the same in relation to the first value as is a rise from 
£10,000 to £15,000, i.c., 50 per cent, rise on the base year, i.e., 
the year in which the £500,000 and £10,000 were earned. 

The main danger to avoid in expressing variations in terms of 
ratios or percentages is the use of two different bases in the 
comparison, or more generally, of failing to make clear on whi(^ 
base the change has been calculated. Thus, if in Year 1 profits 
were £25,000, and the chairman made the following statement: 

» 
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‘In Year 2 profits rose 10 per cent., the following year 25 per 
cent., and last year 33 per cent.’, the shareholders might be for- 
given if they arrived at two very different results: 

Year 1 Year 2 Year 3 Year 4 

(i) £25,000 £27.500 £34,375 and £45,833 

(ii) £25,000 £27,500 £31,250 £33,333 

The first line is calculated on the assumption that each per- 
centage rise is based on the figure of the immediately preceding 
year; in the second line the percentages are all worked on Year 1 
as base year. Whichever method is intended, it should be made 
clear which is to be the base year. 

Such comparative ratios or percentages are a frequent 
source of confusion. If the two sets of quantities are widely 
different in absolute size, as in the examples of the sales given 
above, a mere percentage comparison may be quite misleading 
in so far as it may tell only half the story, or more seriously, it 
may suggest that the comparison made is justified when it most 
certainly is not. Thus, if a school teacher discussing the latest 
examination results with the head of a large coaching institution, 
states that 50 per cent, of his candidates obtained distinction in 
all subjects, and the coaching institution only 5 per cent. ; can 
any conclusions be drawn? The answer is ‘no’. It may be learnt 
later that 500 pupils of the coaching institution sat and only six 
at the teacher’s school. Furthermore, it is highly improbable that 
a direct comparison can be made between the two teaching 
methods, until more is known of the calibre of the pupils, the 
amount of study done by the students, and numbers of staff. 
The first rule of statistics, ‘compare like with like’, has hardly 
been observed. 

The averaging of percentages themselves requires care, where 
the percentages are each computed on different bases, i.e., differ- 
ent quantities. The average is not derived by aggregating the 
percentages and dividing them. Instead of this, each percentage 
must first be multiplied by its base to bring out its relative signific- 
ance to the other percentages and to the total. The sum of the 
resultant products is then divided by the sum of the base values 
as in (Col. 2) below, not merely the number of items. 

Suppose the ratio of equity capital to total share capital for 
six public companies is as follows: 
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Company A 

B 

C 

D 

E 

F 

% 100 

50 

50 

40 

50 

25 


The average ratio for all six companies is not the average of 
these ratios, i.e., 3 1 5 -f- 6, as set out in column (4) below, because 
this metfiod makes no allowance for the different amounts of the 
companies’ capital as shown in column (2) below. The correct 
method requires us to work from the actual figures of share 
capital and equity capital given in columns (2) and (3) below. 
Then each percentage is ‘weighted’, i.e. multiplied by the figure 
of total capital, their product added together as in column (5) 
and that total divided by the total weights. The correct answer is 
43*3%, as compared with the answer of 315 = 52-5% derived 
by using the incorrect method. 6 


Percentage of Equity Capital in Six Public Companies 


(1) 

(2) 

(3) 

(4) 

(5) 




Ratio 

Col. 2 


Total 

Equity 

of 

X 

Company 

Capital 

Capital 

Col. 3 to 

Col. 4 


OOO’s 

OOO’s 

Col. 2 

OOO’s 


£ 

£ 

% 

£ 

A 

50 

50 

100 

50 

B 

100 

50 

50 

50 

C 

200 

100 

50 

100 

D 

250 

100 

40 

100 

E 

500 

250 

50 

250 

F 

400 

100 

25 

100 


1,500 

650 

315 

15)650 - 43-3% 


The reason for the difference is simple. In Column (4) there is 
an implied assumption that all the companies are of equal size 
(in terms of their issued capital) and consequently equal impor- 
tance has been attached to the capital structure of the small and 
the large firms. In Column (5), however, correct importance has 
been given to each firm; i.e. the percentage of equity to total 
capital has been weighted in the ratio of their total capitals one 
to the other. 
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The same rules apply to the 'averaging’ of averages, e.g.: 


(1) 

<2) 

(3) 

(4) 


No. of 

Average Weekly 

Products in 

Plant 

operatives 

Output per operative 

OO’s 

A 

180 

540 

972 

B 

140 

530 

742 

C 

50 

490 

245 

D 

90 

500 

450 

E 

no 

510 

561 

F 

160 

525 

840 


730 

3,095 

730)3,810 


522 to 
nearest unit 


The average output of all workers in the six plants is not the 
average of the six plant averages, /.<?. 3,095 ~ 6 = 516. This is 
wrong. The correct method is given in the last column; the 
products of multiplying Columns 2 and 3 together and dividing 
their sum by the total of operatives, i.e.. Column 2. The true 
average per operative is thus found to be 522 per week. The 
reason for this procedure, knovm as weighting, is that more im- 
portance or weight must be attached to the larger plants, Le., 
those with more operatives and the greater total output. 

Good and Bad Statistics 

For the layman statistics may often possess a significance far 
beyond their real importance. For example, a speech containing 
a large number of statistics is often regarded by audiences as 
much more impressive than one which concentrates on ideas and 
principles. Much the same is true of the printed figure, and as 
many a statistician knows, what was once a hopeful guess in the 
committee room can all too often later appear to haunt him in a 
published report. The latter will in all probability be extensively 
quoted with all the authority of the office from which the guess 
emanated! There are good statistics and bad statistics; it may be 
doubted if there are any perfect ones which are of any practical 
value. It is the statistician’s function to discriminate between 
good and bad data, to decide when an informed estimate is 
justified and when it is not. 
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Poor statistics may be attributed to a number of causes. There 
are the mistakes which arise in the course of collecting the data, 
and there are those which occur when those data are being con- 
verted into manageable form for publication. Still later, mistakes 
arise because the conclusions drawn from the published data are 
wrong. The real trouble with errors which arise during the course 
of collecting the data is that they are the hardest to detect. It is 
virtually impossible to check whether an interviewer should have 
ticked Yes instead of No as the answer to a given question. Like 
the rest of mankind, interviewers make mistakes; they don’t 
always ask the right questions and they sometimes write down 
the wrong answer.^ When the questionnaires and schedules are 
returned to the Head Office for tabulation a new source of error 
appears. The answers may be incorrectly transferred from the 
schedules to the punched cards or tabulations; but good super- 
vision can reduce this risk considerably. Sometimes, however, 
the answer given on the schedule has to be classified. This is at 
best an arbitrary procedure and mistakes in classification arise. 
Once the tables have been prepared detailing the results of the 
enquiry, their contents are analysed. Here too, a great deal more 
can be read into some statistics than the people who provided 
them ever dreamed of! 

A weakness frequently encountered in reports which contain 
published statistics of trade, unemployment and other economic 
or social affairs, is the failure to consult with sufficient care the 
source from which a total or figure has been taken. Unemploy- 
ment figures for Great Britain may be incorrectly relat^ to 
population figures for England and Wales ; pre-war employment 
figures in certain industries may be freely compared with current 
data yet there is no evidence that the author realises that owing 
to a re-classification of Ministry of Labour statistics, the two 
totals may cover very different fields. This is especially true of 
index numbers which are quoted to measure changes in quan- 
tities and values over periods of time. For example, changes in 
the present cost of living can be measured from month to month 
by the Index of Retail Prices, but this index cannot be directly 
compared with either the Interim index for the period 1947-52-56 
or the pre-1947 Cost of Living index. In the second chapter, 
great emphasis was laid upon the need for verifying definitions 

^ Some of these problems are discussed in Chapter XUI. 
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and sources of data taken from published documents; no 
apology is made for returning to this theme because inaccurate 
extraction of published data is an extremely prevalent disease. 

Conclusion 

The object of the previous somewhat depressing paragraphs is 
simply to remind the student who has just begun to perform 
some simple calculations with numerical data that, however 
accurate his arithmetic may be, it cannot, improve the data one 
iota. Poor statistics yield unsatisfactory results and as we plunge 
further into the technicalities of what is called statistical method, 
the reader should not allow himself to consider that statistical 
calculation is the end-all of statistics. Every set offigures reaching 
the statistician's desk should be scrutinised, their precise defi- 
nitions learned and their source examined to consider what errors 
could have arisen. Only then has statistical analysis any purpose. 
The reason for harping on this point is that many of us forget 
these simple rules; or erroneously believe that a competent statis- 
tician collected the data and obviously would have checked them! 



CHAPTER IX 

THE BASIS OF SAMPLING 


Introduction 

Throughout the discussion of averages a n d measures of dis- 
persion it has been assumed that summarisation and description 
of the various types of frequency distribution was the primary 
object of such exerci^s. Such an impression would be confirmed 
by the description 6f these statistics in the opening chapter as 
descriptive statistics. Most of the frequency distributions used to 
illustrate these statistics comprised a complete count of all the 
members or units in the ‘population’, used here in its statistical 
sens^. Thus the data relating to output of factory operatives was 
based on a complete count of all employees in those works; 
Table 9, showing the distribution of the firms in the radio in- 
dustry employing more than 10 workers, was also based upon a 
complete enumeration or census of the relevant population, just 
as was the distribution of incomes set out in Table 6. The size 
of the populations varied considerably from the 180 workpeople 
in Table 3 to the 23 million income earners in Table 6. 

It is not often, however, that the statistician has access to data 
based upon an up-to-date f'ensus. Such enquiries are expensive in 
both time and money. The population census is held only at ten 
year intervals and the full scale census of production at three 
year intervals, although the Inland Revenue can produce de- 
tailed statistics such as those in Table 6 at yearly intervals, but 
with some delay. These enquiries are extremely important from 
tlie administrative point of view and it is to serve such needs that 
they are carried out. Any benefits which the statistician derives 
from access to such data are merely incidental to the main object. 
In brief, the statistician can very seldom hope for an enumeration 
of all the members of a population in which he is interested. 
Thus when the B.B.C. Audience Research unit wishes to know 
viewers’ reactions to last night’s TV programmes it caimot hope 
to ask all viewers for their opinions. It would be very costly and 
would take so much time that many viewers would have 
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forgotten ail about the programme by the tim e they were asked 
for their opinions. 

The solution to the problem is for the research unit to inter' 
view only a small proportion of the viewing public and on the 
basis of their findings to infer the views of the viewing public as 
a whole. Clearly, the group of viewers to be interviewed must be 
representative of all types of viewer, for example, both working 
class and middle class households must be included. Such a 
survey of a small proportion of the relevant population, in this 
case all households with B.B.C. television -who actually watched 
the programme, is known as a sample sarvef. Exactly the same 
procedure is followed by the public opinion polls which measure 
the fluctuations in the public’s support for the policies of the 
political parties. Experience shows that before a general election 
such polls can usually forecast the outcome quite accurately 
although they ^may be based upon a sample of less than one in 
10,000 voters, ^ 

In themselves sample results or sample statistics are usually of 
little real value or interest. They are collected because the 
statistician is interested in the parent population from which the 
sample is drawn. On the evidence of such sample statistics it is 
possible to derive information about the population, such as 
estimating what the statistician calls the population parameter. 
For example, a sample mean provides an estimate of the popu- 
lation mean. Unless it were possible to generalise sample results 
in this way, sampling would be of negligible value to the statis- 
tician<; 'A.t best they would provide some indication of the nature 
of the* population from which the sample was drawn. But with- 
out modem statistical theory such an inference 'v^uld be little 
better than a guess. The theory of sampling makes it possible not 
only for inferences and conclusions to be drawn from sample 
data but enables the statistician to make precise probability 
statements about the reliability ’of such conclusions. For 
example, let it be assumed that a sample of 100 adult British 
bom males has been assembled an4 it is foimd that the mean 
weight of the sample is ISO lb., while the standard deviation of 
the sample is IS lb. From this information the statistician could 
make the prediction that if further samples of equal size were 
taken, 9S times out of a hundred their means would lie between 
147 and 1S3 lb. But because one or more sample means has a 
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value of 150 lb. can it be inferred that this value is equal to the 
value of the population parameter? Or, if it is regarded as an 
estimate of that value, how good an estimate is it ? 

Problems of Estiiiiation 

Since the population mean has a certain unique value, it 
follows that any estimate based upon sample data must be either 
right or wrong. Unfortunately, there is no way.of knowing which 
it is. In practice, however, we speak of there being a certain 
probability that the population mean lies between certain limits. 
The ‘certain probability’ indicates the degree of confidence we 
have in our statement that, for example, the population mean 
lies between 147 and 1531b. In this case we are 95 per cent, 
certain and in so stating our confidence we conc^e the chance 
that our prediction regarding the mean weight of all males will 
be wrong 5 in a hundred times. Sometimes the statistician will 
make his prediction with only one chance in a hundred of being 
wrong. In such cases he is described as being 99 per cent, certain 
or confident that the specified range of values covers the popu- 
lation mean. 

It is worth while considering for a moment what we mean by 
being ‘certain’. Each of us can be certain that he will not live 
200 years. In this case we are 100 per cent, certain, but such 
confidence about the course of future events is quite exertional. 
A person may be certain at 5 p.m. that at 5.30 p.m. he will leave 
his office and return home. He might, however, drop dead at 
5.15. For most people the chances of such an occurrence are so 
slight that the possibility is ignored ; but it undoubtedly exists. 
Thus there can be no absolute or 100 per cent, certainty that the 
person in question will leave the office at 5.30. On the other hand, 
leaving home next morning the weather may look ominous and 
he may take his raincoat. He is not certain that it will rain, but 
past experience of such portents as overcast skies tells him that 
it is more likely to rain than not. He therefore decides to take a 
coat. Most decisions are the outcome of weighing up such 
chances, although the mental processes may be so rapid that we 
are oblivious of their nature. Thus when the statistician affirms 
his beli^ in an estimate at the 95 per cent, level of confidence, he 
is doing what we all do every day of our lives. But whereas we 
say, ‘well, it probably will rain*, he indicates predselyjust how 
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much confidence he has in his forecast, i.e., 95 chances in 100 
that it will rain, 5 in 100 that it will remain dry. Our reason 
tells us that given such odds, we should take a raincoat. In the 
same way the statistician will act on the evidence of his sample 
data. ' 

From the laymafJ^point of view a weakness of the estimate 
of the populati^' mean lies in the fact that the statistician’s 
estimate of a parameter is not precise. It is usually stated as 
lying between specified limits, sometimes called confidence 
limits. This criticism is valid but clearly Aiuch depends on the 
range of the limi^S^ An estimate of the population mean such as 
‘150 plus or minus 30 pounds would be useless for most pur- 
poses; equally, 1501b. plus or minus 3 lb. is for many purposes 
almost certainly adequate. If it is necessary to narrow the range 
of values between which the parameter is believed to lie, then it 
•can be done by taking a larger sample. It would be quite prac- 
ticable to take a sample which would provide an estimate of the 
population mean within a quarter of a pound cither way. This 
will probably satisfy even the most exacting requirements. The 
precision of the estimate, as it is termed, is not the result of 
chance. It is dictated by the needs of the survey and any specified 
requirements can be met even if at extra cost: 

A brief recapitulation of this chapter so far will probably help 
the reader. Three points have oeen made. The first was that the 
primary purpose of sampling was to derive statistics which 
would yield infonnation about the population. For example, if 
we want to know what proportion of the public drinks coffee for 
breakfast, we can ask such a question of a representative group 
of the public and on the evidence of the sample statistic estimate 
the population parameter, i.e., the proportion of the public 
which does drink coffe^ The second point is that the statistician 
can never give an exact figure as his estimate of a parameter; he 
states the limits within which he believes it to lie. Since the 
precision of sample statistics can be determined by the statis- 
tician, this apparent weakness is relatively unimportant. Finally, 
the statistician can never be certain of the correctness of his 
estimate of the parameter or any other conclusion based on 
sample data.' Any inference or conclusion based upon sample 
data is made at a specified level of confidence, usually at the 

* Some farther statistical tests based upon sampling tiieoty are discussed in the next chapter. 
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|5 per cent, level’. This signifies the statistician is confident that 
in the long run he will be right 95 times out of every 100. Since 
such odds imply a very considerable confidence in the correct- 
ness of the inference and if there are no other data to suggest 
alternative conclusions, it remains merely to act on the inference. 
The next section of this chapter is devoted to an explanation of 
the theory underlying sampling and confidence levels. 

The Normal Curve 

Everybody has some idea of the meaning of the term ‘prob- 
ability’ but there is no agreement among scientists on a precise 
definition of the term for the purpose of scientific methodology. 
It is sufficient for our purpose, however, if the concept is 
interpreted in terms of relative frequency, or more simply, how 
many times a particular event is likely to occur in a large popu- 
lation. When we say the probability of obtaining ‘heads’ as a 
result of tossing a coin is equal to we mean that if the coin 
were tossed a large number of times the proportion of heads to 
be expected is one half. Similarly, if a set of ten coins were tossed 
simultaneously we should expect to get five heads rather than 
any other number. Jf we continued to toss the ten coins it would 
not be a matter for surprise if 3, 4, 6 or 7 heads were recorded 
quite frequently and from time to time we might even get all the 
coins falling heads and on other occasions all tails. But in the 
long run, assuming all the coins to be true, we should expect to 
record 5 heads more frequently than any other score. 

It can be demonstrated mathematically that where there are 
only two alternative outcomes to an event, e.g., heads or tails 
with a spun coin, and the coin is so tossed that chance alone 
determines which way it falls, then if the experiment is repeated a 
very large number of times, the distribution of results can be 
predicted. Such a distribution is known as the binomial distri- 
bution. Take, for example, the experiment of tossing ten 
coins simultaneously and noting the number of heads. In the 
early stages one head might follow six heads and then three 
heads ; no particular order would be apparent. But as the number 
of tosses grew, so the distribution of frequencies of particular 
numbers of heads would take on a definite pattern. Such a 
frequency distribution with the values 0-10 heads marked off 
along the base and the corresponding proportionate frequenci^' 
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marked off along the vertical axis, would resembl^ histogram 
similar to that depicted in Figure 12 on page 

same experiment could be performed toss^ sets of 100 
coins or even a thousand coins at a time. With such large values 
to be plotted and if the experiment wer« continued for a long 
time the resultant histogram would have an outline resembling 
tiny serrationw^ther than the clearly defined steps of the 
histogram in Figure 12. In fact, for very large numbers of tosses 
^JheHistogram would cease to resemble that<histogram but would 
approximate to a smooth curve similar to that portrayed in 
Figure 16^^his curve is bell shaped and symmetrical. These 
characteristics reflect the fact that the maximum frequencies are 
recorded by the mean value of the distribution, e.g., five heads, 
while other values which deviate by only a small amount from 
the mean also occur quite frequently. But it is very evident that 
as the deviation between any recorded value and the mean 
increases, so the frequency of that value declines. There are very 
few cases indeed where all the coins came down heads and there 
are equally few where they were all tails. 

While it may not be immediately apparent, the reader will on 

Figure 16 
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reflection realise that this curve portrays the distribution of a 
certain sample statistic. Each set of ten (100 or 1,000) coins 
tossed is merely a sample of an infinitely large population of 
such tosses. The mean number of heads recorded in each sample 
is an estimate of the proportion of heads we are likely to get if 
every coin in existence could be tossed, i.e., 5 out of 10, implying 
that the chances of heads or tails with a spun coin are in fact 
50:50. If instead of tossing coins a series of samples, each con- 
sisting of 50 adult males of British birth, had been taken and for 
each sample the mean height was obtained, then the distribution 
of sample means would approximate closely to the curve de- 
picted in Figure Such a distribution is known as a sampling 
distribution, i.c.,g distribution of sample statistics such as sample 
means, proportions, standard deviations, etc. The curve based 
upon this type of distribution is known as the Normal curve. 

The Normal curve is of fundamental importance to statistical 
theory. While it is always bell-shaped and symmetrical about its 
mean, its actual shape is determined by the standard deviation 
of the distribution. For example, two Normal distributions can 
have the same mean, but if for one the standard deviation is 
much larger than that for the other, then the curve of the former 
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distribution will be flattish and for the other more peaked as in 
Figure 17. In other words, the Normal distribution can resemble 
a tall single-peaked narrow curve or a flattish long-tailed broad 
based curve. It is, however, always unimodal, i.e., a single peak, 
and symmetrical about that peak. The Normal curve has one 
^jOther highly important characteristic. No matter what its shape, 
i.e., broad or narrow, the area beneath the curve is distributed 
in a particular way. Firm Figijjfar» it can be seen that if 
vertical lines termed ‘ordinates’ are drawn from the base to the 
curve at intervals of one standard deviation from the mean 
ordinate, the proportion of the area under the curve bounded by 
the ordinates drawn at one, two and three standard deviations 
on either side of the mean is approximately 68, 95 and 99-7 per 
cent, respectively. 

Fifrure IS 

Distribution of Area undik Normai, Curvf. 



So important is the Normal distribution in statistical theory 
that specially prepared tables give the proportion of the area 
under the curve enclosed between the mean and other ordinate. 
Since the Normal curve is symmetrical, it is sufficient to state the 
areas in this way, i.e., for one side of the curve only, rather than 
as has been shown in Figure 18 above, where two ordinates 
equi-distant from the mean ordinate have been drawn on each 
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side of it. To derive the area enclosed in such a case it is merely 
necessary to double the figure shown in the table of areas. The 
reason for setting the table out in this way is that sometimes the 
V -^statistician is only concerned with one side of the Normal dis- 
tribution. The following table merely reproduces a few important 
values taken from the complete table, but it will serve to show 
what sort of information such a table provide/.* The distance 
along the base between the mean ordinate and the other is 
always measured in terms of the standard deviation of the dis- 
tribution and is- writt e n x /a. For most purposes the only values 
of x/a that interest the statistician are those between 1*96 and 
3-09 and of those it is the 1-96 and 2-58 values which are cus- 
tomarily used in practical work. The reasons for concentrating 
on these few values will become apparent to the student during 
the next few pages. 


x/a 

1-96 

2-33 

2-58 

3-09 

Area 

0-47.50 

0-4900 

0-4950 

0-4995 


If ordinates are drawn on both sides of the mean at intervals 
corresponding to (he above values of x/a, then the percentages 
of the total curve enclosed between those ordinates are 95, 98, 99 
and 99-9 respectively. It will be seen that these percentage 
figures are derived by doubling the figures in the lower row of the 
table above and expressins'; the result in percentage terms. 

Now, instead of visualising the Normal curve as an area 
divided into parts, consider it as a large collection of sample 
statistics, e.g., a very large number of sample means. Clearly, the 
mean of all the sample means is the best estimate we have of the 
population parameter, i.e., the mean of that population from 
which the samples have been dra^pn It is apparent that within 
a range of T96 standard deviations about the mean of the 
Normal distribution 95 per cent, of all sample means are to 
be found. Similarly, 99 per cent, of the sample means lie within 
a range of 2-58 standard deviations about the population mean, 
while within 3-09 standard deviations about the mean we find 
99-9 per cent, of the sample means. In practice, however, there 
is no time to take such a large number of samples from any 

1 Many of the more advanced texts reproduce the entire table of areas of the Normal or proba* 
bility curve in an appendix. 



I<SO STATISTICS 

I^rticular population, we have to be satisfied usually with a 
single sample. Fortunately, because the sampling distribution 
of the statistic is known, the chances of a single samp le statistic- 
de^^ting by a given amount from the mean of such a distri- 
bution, i.e., the population parameter, are known. For example, 
the probability that a single sample statisti c wi ll deviate by 
more than 1 *96 standard devhttfstts'' froni””the population 
parameter, i.e., the mean of the sampling distribution is only 
5 in 100. We can therefore be confident about estimating, 
•dh the evidence of a single sample statistic, the value of the 
. corresponding population parameter. Since 95 per cent, of all 
sample means will lie within a range of 1-96 standard deviations 
^bout the mean of the distribution of sampling means, it follows 
that the chances of a sample mean based on a single sample 
'lleviating by more than 1'96 standard errors from the popu- 
lation mean are only 5 in 100, or 1 in 20. Such then is the basis 
of the statement made earlier (page 1 52) that the statistician 
could assert with 95 per cent, confidence that the mean weight of 
all adult males, i.e., the population of such males, was between 
147-153 pound^ 

As implied in the previous sentence, and as was shown above 
in the excerpt from the table showing areas under the Normal 
curve, the proportion of the memis lying between 1 -96 standard 
deviations about the mean is 95 per cent. In practice, to give our 
results at the ‘5 per cent, level’, the standard error is usually 
multiplied by 2. The calculation is so much more rapid and it 
also increases the confidence limits to give us just that little more 
confidence in our estimate. For these reasons we shall in the 
next sections use a range of 2 standard errors to denote the 5 per 
cent, level. We are, after all, here concerned with matters of 
principle, not arithmetic. 

^andard Error of a Statistic 

For any sampling distribution we can calculate the mean and 
standard deviation. The variation between large numbers of 
sample means, which produces the dispersion about the mean of 
the sampling distribution, arises from what are termed random 
sampling errors. The ‘standard deviation’ of such a sampling 
distribution is known as the standard error. This is computed for 
any sample statistic and is a measure of the precision of that 
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statistic as an estimate of the corresponding population para- 
meter. The standard error of a sample mean is given by the 
formula s.d./-\/«3 In this fraction the numerator is the standard 
deviation calculated from the sample. The formula really re- 
quires the standard deviation of the population, but since this 
is unknown we substitute the sample standard deviation. 
Fortunately it can be shown mathematically that where the 
sample is large, the inaccuracy introduced by the substitution is 
unimportant. 

From the above formula it is apparent that the standard error 
of the mean is dependent upon two factors, the variability in the 
population and the size of the sample. The point has already 
been made that successive samples may produce different 
statistics and the variation between sample statistics is dependent 
upon the distribution of the characteristic within the popu- 
lation. For example, if the weights of all adult males were within 
a range of 10 lb. about a mean of 1501b., then clearly no 
sample mean could be below 140 or above 1601b. Since, how- 
ever, the actual weights range from about 100 to 20 01b. or 
more, it follows that sample means of any value between these 
two limits are possible. Thus the standard error of the sample 
mean must be dependent in part on- the variability vnthin the 
population which is measured by the standard deviation. 

Increased precision in the sample estimate of a parameter 
can be obtained by increasing the size of the sample. There is 
a definite relationship between the standard error afid the size 
of the samp^prbut as is apparent from the above formula for the 
standard error of the meaii, it is not a direct relationship. Since 
the formula uses the square root of the sample size, it follows 
that in order to halve the standard error of the mean, the sample 
size must be increased fourfold. It is for this reason that given 
the standard error of a statistic based on a large sample, an 
jnerease in its precision can be achieved only by considerably 
increasing the size of the sample. Since this is an expensive pro- 
cedure, the statistician endeavours to select that size of sample 
which will give the maximum precision in the sample estimate 
consistent with a given outlay of funds. In other words, the 
statistician decides first upon the level of precision he requires, 
f.e., the standard error he is prepared to accept, ai^ then he 
calculates the size of the sample required.^ 
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The above points can be simply illustrated. Assume a sample 
of 100 adult women with a mean height of 63 inches and a stan- 
dard deviation of 2 inches. The standard error of the mean is 
obtained by substituting the appropriate values in the formula 
s.d./\//i = 2/\/ lOOequals 1/Sthinch. It can be inferred from these 
data that the assertion that the pooulation ^mean l ies within the 
range of 63 inches + or — 2/5ths inches is correct at the 5 per cent, 
level. Suppose that greater precision is required in the estimate 
of the parameter, e.g., the standard error should be one tenth of 
an inch, which is half the present error. ^Substituting in the 
equation we get 1/1 0th == 2/\/jc which yields a value of 400 for 
X. Thus, to reduce the standard error by half the sample had to 
be quadrupled. 

There is an alternative available, albeit a poor one, if the 
sample cannot be increased. The population mean could be 
assumed to lie within a range of 1 /10th inch about the sample 
mean of 63 inches but the chances of this being true are only 68 
in 100. In other words, the statistician can improve the apparent 
^ecision of his estimate by accepting a greater risk of being 
wrong. With a range of only one standard error about a statistic 
he runs the risk of being wrong 32 in 100 times, i.e., virtually I in 
3 and for all practical purposes this risk is too high. Convention 
^ctates that most estimates be given at the 5 per cent, level, i.e., 
'where the chances of being wrong are only one in twenty. With a 
given sized sample, the statistician must choose between the 
precision of his estimate and the degree of confidence he has in 
the result. 

Just as it is possible to estimate the population mean from 
sample data at a given level of confidence, so an estimate of a 
population proportion from a sample data can be made. For 
example, a sample of 900 electors reveals that 45 per cent, intend 
to vote Conservative in the forthcoming election. What is the 
probable proportion of the total electorate which will vote Con- 
servative? First, we must derive the standard error of the pro- 
portion which, like that of the mean, is based upon the distri- 
bution of sample proportions and is given by the formula ^ 


The symbols p and q represent the proportions of the sample 
possessing or not possessing the relevant characteristic, in this 
case the intention to vote Conservative. With a coin, the odds of 
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obtaining a head were one half and those for tails also one half, 
so that certainty was represented by 1 + ^ — 1. In the same 
way, so p g equal 1 and the value of q is derived from the dif- 
ference between 1 and the value of p. In this case 1 — p equals 
0‘55. The formula for the standard error of the proportion after 
substitution of the symbols reads 


s.e. % 


7 - 


(0-45) X (0 5 5) 
900 


= 017 


The calculation gives a result of approximately 1-7 per cent. As 
with sample means, so the distribution of sample proportions is 
such that 95 per cent, of a distribution of sample proportions 
will lie within a range of two standard errors about the popu- 
lation percentage. Given this knowledge it may be inferred from 
the above data that the proportion of potential Conservative 
voters in the electorate is 45 -h 2(1-7) per cent, or betw'ecn 41 6 
and 48-4 per cent., the estimate being made at the 5 per cent, 
level Using the above formula the student can now calculate for 
himself the size of sample required to give a result within the 
limits 44 to 46 per cent.’ 


Summary 

Sampling is fundamental to all statistical analysis. Sample 
statistics are merely estimates of the value of population para- 
meters and individual sample statistics will differ from that 
value by what are known as random sampling errors. Mathe- 
matical theory demonstrates, that the distribution of such 
random sampling errors tends to be Normal and observation 
supports the theory. Knowledge of this distribution in respect of 
sampling variation enables the statistician to make rigorous 
inferences concerning the population on the basis of sample 
data. A mistake which is commonly made is to assume that it is 
the population which is normally distributed. This is not the 
case; very few populations are so distributed. Generally 
speaking, both the distribution and size of the population are 
irrelevant in sampling; it is only the statistics derived from 
successive samples that in the long run distribute themselves 
normally. 

It cannot be too strongly emphasised that conclusions based 
on the evidence of sample statistics are valid only if the sample 

1 The answer is 9.900. The student unable to agree this answer should turn to page 198. 
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has been selected in such a way that every unit in the popu- 
lation has a known and equal chance of selection. Such samples 
are random samples, and even if the adjective is later omitted 
in the text the implication of the term ^sample’ as used by the 
statistician is that it has been selected by methods which ensure 
randomness. Some of the more generally employed methods of 
choosing a sample are discussed in Chapter XI. 



CHAPTER X 

SIGNIFICANCE TESTS 

In the last chapter it was explained that even if nothing is known 
about a population it is possible on the basis of a random sample 
from that population to derive reliable information about its 
nature. This important statistical technique is possible because of 
our knowledge of what are termed the ‘sampling distributions’ of 
the various sample statistics. The ‘standard error’ of a sampling 
distribution, for example sample means, indicates the range of 
deviation from the population mean which can be expected 
with a given frequency in the means of a large number of ran- 
dom samples. Since it is known that the proportion of a large 
number of sample statistics lying within two standard errors of 
the population parameter is 95/100, the chance of a deviation 
between the sample statistic and the population parameter 
greater than twice the standard error of the statistic is approxi- 
mately only one in twenty. In practice, this means that when a 
solitary sample is drawn, and this is all that is usually practicable 
the statistician can be reasonably confident that it is represen- 
tative of the population and not a collection of the extreme 
items in that population. He can therefore feel reasonably certain 
that any estimate of the population parameter based on that 
sample statistic is likely to be accurate. 

This knowledge of sampling distributions is not only used in 
problems of estimation, as they are termed. There is a second 
group of problems which have to be resolved on the basis of 
sample results ; these are known as the testing of hypotheses. 

Assume for example that a manufacturer believes that house- 
wives in the North of England have a stronger preference for his 
product than the housewives in the South; or a doctor believes 
that a particular drug would lead to a more rapid recovery by 
the patient from a particular disease. Such beliefs as these are not 
founded on thin air; both the manufacturer and the doctor in 
this illustration have presumably grounds for their beliefs. The 
manufacturer may have just completed a tour of the coimtry and 
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returned to head office with these personal impressions; the 
doctor after having treated a number of patients suffering from 
this particular disease with a variety of drugs has ascertained that 
in his experience at least one drug is superior to all others. The 
issue posed by these examples is whether or not the statistician 
can enable the manufacturer and physician to demonstrate that 
their beliefs or theories, or what the statistician terms ‘hypo- 
theses’, are valid. For example, if another doctor treated patients 
with this particular drug, would he also hi^d that it was superior 
to others? In other words, the doctor and’ the manufacturer are 
both basing their conclusions on limited evidence. Is it possible 
to show that what is valid for a sample of one doctor’s patients 
is true for all others ? The statistician can help in resolving such 
problems by using what are known as significance tests. As with 
the problems of estimation which were discussed in the latter 
part of the previous chapter, the statistician can never be abso- 
lutely certain that the results of such significance tests are valid. 
All he ciin do is to estimate the probability that the hypothesis is 
‘true’ in the light of the information available. Using such tech- 
niques, an hypothesis may be tested at the 5 or 1 per centdevels 
(or any other!) and on the result we may be 95 or 99 per cent 
certain of the validity of our hypothesis. These ideas can now be 
illustrated by a simple example. 

S.E. of Differences between Means 

Assume that the mean consumption of beef in the North of 
England as given by a sample enquiry among 845 households is 
50 lb. per annum with a standard deviation of 131b., while a 
similar survey in the Home Counties covering 1 ,440 households 
yields a mean consumption of 48 lb. and a standard deviation of 
1 2 lb. On the evidence of these data can it be inferred that beef 
consumption is greater in the North than in the Home Counties ? 
In the language of statistics, is there a statistically significant dif- 
ference between Northern and Southern households, or is it more 
likely that the difference of 21b. between the sample means can 
be attributed to chance, i.e., random sampling errors ? When a 
difference such as this cannot reasonably be attributed to 
sampling errors, we say it is significant. Since, as we have seen, 
we can never be 100% certain about inferences drawn from 
sample statistics, we have to state at what level we consider the 
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difference to be significant, e.g., either at the 95% or 99% level 
of confidence. 

The question posed above can be phrased as follows : ‘Can it 
be assumed that these two samples were drawn from the same 
population ?’ The statistician answers this question by employing 
a ‘significance test’, the basis of which is the ‘hypothesis’ that the 
difference between the sample statistics can be entirely explained 
by sampling variation and there is no real or significant difference 
between the sample means. More simply, it implies that the two 
samples are drawn from the same population. This is known in 
statistics as the null hypothesis. The result of the significance test 
will either strengthen or weaken confidence in the hypothesis ; it 
can never prove conclusively that it is false. Thus we shall cither 
accept or reject the hypothesis at a given level of confidence. 

Our knowledge of sampling distributions is again invoked, 
and in this case we want to know what the chances are that a 
difference of 21b. might occur between two random samples 
drawn from the same population. To answer this question we 
first calculate the standard error of the difference between means, 
using the formula: 



Substituting the known values of the n and n- in the formula we 
get:’ 



12 - 

1,440 


-- v'O-2 )- 01 


V0 3 


which yields an answer of 0-547 lb. This is the standard error of 
the difference. From our knowledge of the behavitiur of sample 
means it follows that the chances of a difference between means 
greater than twice the standard error is less than 5/100 and that a 
difference more than two and a half limes as great is likely to 
arise by chance only once in a hundred times. The observed dif- 
ference between the sample means is 2 lb. which is almost four 
times as great as the standard error. Such a difference could arise 
by chance only once in about ten thousand times. In other 
words, the odds against the likelihood that the two samples have 
been drawn from a single population are so small that the null 
hypothesis may reasonably be rejected. The observed difference 

^ Note that the »ub^ripU 1 and 2 to n and rr* merely serve to distinguish the two samples. 
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is statistically significant and it can be assumed, in this case with 
considerable confidence, that the average northern household 
eats more beef than its southern counterpart. 


S«e. of Difference between Proportions 

The same ideas can be illustrated by an example involving a 
difference between proportions. Assume that a market research 
agency learns from a survey of 1 ,000 households that 30 per cent 
of them regularly purchase a particular blended produce. A few 
months later the same agency carries out a similar survey and 
learns that 34 per cent of the households sampled purchase this 
product. Can it be concluded that there has been a four points 
increase in the product’s popularity between the two surveys, 
i.e., a significant increase, or is it possible that the difference can 
be attributed to sampling variation ? The standard error of the 
difference between proportions is given by the following 
formula: 


s.c.% - 



«2 


and substituting the observed values for /?, and n we get 




0*3 X 0 7 0-34 X 0 66 

4 - 


1000 


1000 


•021 


which yields a result of 2* 1 per cent. The observed difference of 
4 per cent between the proportions is not quite twice as large as 
the standard error. We conclude, therefore, that the probability 
of random sampling errors accounting for the difference between 
the two percentages is just over 5/100. In other words, the statis- 
tician will be rather less than 95 per cent, confident that the 
change in the percentages is significant, i,e,, that it reflects an 
increase in popularity of the product. In such circumstances the 
statistician will probably err on the side of caution and accept the 
null hypothesis, /.e., the difference is not significant. 

It is of the utmost importance to realise that such significance 
tests can never Anally or absolutely prove or disprove a hypo- 
thesis, they merely ‘prove’ beyond all reasonable doubt. If the 
statistician rejects the null hypothesis, he does so because the 
evidence adduced by the significance test is such as to weaken his 
confidence in it to such an extent that any other conclusion 
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would be unreasonable. For example, in the first illustration of 
the difference between means, where it emerged that the ob- 
served difference was only likely to arise by chance once in about 
ten thousand samples, the statistician would have no hesitation 
in rejecting the null hypothesis. Unfortunately, the results 
achieved by such tests are often similar to that obtained in the 
second illustration, i.e., close to the level of confidence at which 
it is decided that a result is significant. It must be emphasised 
that there -is nothing sacrosanct about the 5 per cent level any 
more than there is about the 1 per cent level. Experience has 
shown statisticians that the 5 per cent level is in the long run 
adequate for most of their needs; but if the experiments so 
require, then the significance of the results can be tested at a 
higher level. For example, a steelmaker selling a special alloyed 
steel, upon the toughness of which lives might depend, will want 
to know that the quality of his product is consistently above a 
certain level. By special significance tests based on sampling 
procedures he will ensure that the chances of sending defective 
goods will not be greater than, say, 1 in 1 ,000. A manufacturer of 
a consumer article may have a similar system of quality control 
and be well satisfied to know that the chances of despatching 
defective goods is not more than 1 in 20. The former will test at 
the -01 per cent level, the latter at the 5 per cent level. 

The application of such significance tests can be illustrated by 
a further simple example. Let us assume that over a long period a 
pottery factory has been accustomed to an average rate of de- 
fective products from the kilns of 10 per cent. A new firing 
technique is demonstrated and preliminary tests show that in 100 
samples the rate of loss from this method is 7 per cent. The 
manager of the works believes that this improvement can be 
directly attributed to the new firing technique and is anxious to 
adopt the new firing methods. The board of the company is 
sceptical. Can the statistician help to resolve this problem? The 
standard of error of a proportion, it will be recalled, is given 


by the formula 



where n is the sample size, p the pro- 


portion of the sample possessing the characteristic and q the 
balance of the sample. The statistician must test the hypothesis 
that the variations in the proportion of defectives in samples 
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equal to the observed difference of 3 per cent can quite often 
arise by chance. The tests will show us what in fact are the 
chances of such a difference being encountered. Substituting the 

known values in the formula / 0-07 x 0-93 ^ standard 

Ki ® 


error of 2-7 per cent. The observed difference between the pro- 
portions of defectives is only 3 points, which is little more than 
the standard error. It can be concluded that the chances of a loss 
rate as low as 7 per cent from the old firiAg technique are quite 
high, i.e. this loss rate can easily arrive by chance. While further 
tests should be carried out with the new method, the available 
evidence strongly supports the argument that the new firing 
technique will not significantly reduce the proportion of defectives. 

The same test can be illustrated by another example. A ran- 
dom sample of 2,000 households possessing television sets 
capaVAe of tece\\\n?.\)oVh,li."B.C. and l.T .N . programmes reveals 
that 1 ,050 declare a preference for the latter programmes and 
950 prefer the B.B.C. May it be concluded from the survey that a 
majority of all households which can receive both programmes 
prefer l.T.V. ? There are two ways of answering this question. 
We can assume that the population of households are evenly 
balanced in their preferences and that the difference revealed by 
the sample is due to sampling errors. If this is the case, then the 
proportion preferring l.T.V. is 1,000/2,000 or 50 per cent. We 
can calculate the chances that in two samples of 2,000 house- 
holds drawn from a population in which the proportion with a 
given characteristic is 50 % we might get sample proportions as 
divergent as 950/2,000 and 1,050/2,000, i.e., 47 .\ and 52.1%. The 
standard error of a proportion is given by the formula 


^ — which, when the above values are substituted, reads 

V n 


50 X 50 
2,000 


The result is equal to approximately IT per 


cmt. If a large number of random samples of 2,000 households 
were taken, we may therefore expect 95/100 sample proportions 
ranging between 50J;2.(1T)%. The actual observed sample 
proportions of 47 J and 521 % are outside the limits set by the 
test at the 5 per cent level, but within the limits of 50 ± 2-58 
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(1-1)%. In other words, the difference between the samples is 
significant at the S per cent level, but it is not significant at the 1 
per cent level. If a new advertising policy involving substantial 
expenditure on T. V. advertising, etc., is contemplated it might be 
advisable to take further samples before a decision is taken. 

Chi>square test 

An alternative method of solving this last problem is to use 
another tebt known as the chi-square (pronounced ki) test. This 
is written as follows x* th® name being derived from the Greek 
letter '‘ki\ This test is used when an observed distribution of 
frequencies must be compared with the expected distribution on 
the basis of some hypothesis. For example, in the above case, if 
we set up the hypothesis that the programmes are equally 
popular, the expected distribution is 1,000 households to each 
programme; the observed distribution is 1,050 and 950. The 

(O E)® 

formula for chi square is written x® = 5) — . The data and 

fc. 

calculations can be presented in the form of a table set out here- 
under: 



Observed 

Expected 

Differences 

Differences* 

I.T.V. 

1,050 

1,000 

50 

2,500 

B.B.C. . . 

950 

1,000 

--50 

2,500 


The formula requires us to derive for each cell the difference 
between the observed (o) and the expected (e) frequencies and 
then square them. In this case the differences are 50 and when 
squared they become 2,500. These figures arc then divided by the 
expected frequency for that particular sub-group. In each case 
we get 2,500/1,000 which gives 2-5 in each of the two cells and 
these, as the formula indicates by the summation sign ( 2), are 
then added together, /.c., 2*5 + 2*5 ~ 5. This is the value of x*. 
We now compare this value with the value of x* which for this 
particular number of sub-groups is given in specially prepared 
tables. We learn there that the relevant value of x^ is 3-84 at the 
5 per cent level and 6*64 at the I per cent level. In other words, 
our calculated value of 5 is above the value which could be 
expected to arise by chance 95/100 times, so that our hypothesis 
that the difference can be attributed to chance is rejected at the 5 
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per cent level, but not at the 1 per cent, since values of up to 
6-64 could be expected with such samples about once in one 
hundred times. The student will note that the result of this test 
confirms the result derived by calculating the standard error of a 
proportion, given above. 

The chi-square test is a highly important and useful statistical 
test of significance. When we were testing differences between 
means and proportions we used tests based upon the standard 
errors of the corresponding sample statistics. These were all 
based upon the fact that we could assume that their distribution 
was Normal. Actually, the Normal distribution, important 
though it is in statistical theory, is only one of several distri- 
butions encountered by the statistician. The distribution of 
for example is a special one but, as with the Normal distribution, 
special tables have been worked out which we can employ to 
interpret the values of x‘^ even if we cannot demonstrate here the 
mathematical basis of the distribution. The value of the X" test 
lies in its application to the comparison of several frequency dis- 
tributions. We set up the hypothesis that the distributions of 
frequencies are believed to be the same for both or all distri- 
butions (there may be several), but because of sampling errors, 
the distributions appear to be different. Using this test, we can 
establish whether or not the differences between what are called 
the observed and expected frequencies may be attributed to 
chance, /.e., sampling errors, or whether they are significantly 
different. The following example may help to explain both the 
purpose of the test more clearly, as w^ell as demonstrating the 
method of calculating the value of 


T.V. OwNhRs Classified by Income of Head of Household 



Under £750 

£750-2,000 

Over £2,000 

Total 

I.T.V. 

320 

160 

20 

500 

B.B.C. 

280 

190 

30 

500 

600 

350 

50 

1,000 

'.11 


The above data show the distribution of two samples of 500 
viewers apiece, one group having declared a marked preference for 
the B.B.C. programmes and the other for I.T.V. Each sample is 
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classified by reference to the income of the head of the house- 
hold. For example, those over £2,000 may be regarded as ‘upper’ 
class, those with £750-2,000 as ‘middle’ class, while those earning 
less than £750 per annum we may define as ‘working' class. At 
first sight the larger number of working class households re- 
vealing a preference for I.T.V. might be construed as signifying 
that the lower income groups as a whole prefer I.T.V., and the 
middle and upper classes B.B.C. programmes. We assume for 
purposes of our test that the two samples have been drawn from 
the same population and that the difference between the distri- 
butions of frequencies is entirely the result of random sampling 
errors. We set up, in other words, the null hypothesis, that 
there is no difference in the distribution by income groups of 
households preferring I.T.V. or B.B.C. and that the observed 
difference between these two samples can be explained by 
random sampling errors. Given this hypothesis we assume in 
effect that the two samples are taken from the same population 
so the best estimate we can get of the distribution of the popu- 
lation among these three classes is obtained by aggregating the 
samples. Having done this we can say that in the absence of 
sampling variation the distribution of both samples of 500 
between the three income classes would be 300, 175 and 25 as 
set out hereunder: 


hxPFCTI D DtS7 rib Ifl ION 



Under £750 

£750-2.000 

Over £2,000 

I.T.V. . . 

300 

175 

25 

B.B.C. .. 

300 

175 

25 


600 

350 

50 


The next part of the calculation gives the differences between the 
observed and expected frequencies within each of the six cells : 


I.T.V. . . 

— 20 1 

+ 15 , 

-h 5 

B.B.C. .. 

+ 20 1 

— 15 1 

5 


These differences are squared and then divided each by the 
expected frequency in that particular cell. The reader will see 
that the upper line of differences is the same as tlie lower except 
for sign, but when they are each squared the signs all become 
positive. In this case there is therefore no need to sum all six 
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(o E)® 

values of ^ — — individually, just the top three and then double 

£ 

their aggregate. 

+ (If.) + (f)] 

400 225 

300 175 25 J 

-- 2[|-333 1 1-286 -r l O] 

_ 2 ( 3 - 619 ) - 7-24 



The value of comes to 7*24. Reference to the table of values of 
an excerpt from which is reproduced below, shows that when 
P *05 and n - 2 (explained below), /.c., at the 5 per cent level, 
the value of is equal to 5*99. 7’his signifies that a value for 
could arise by chance from samples of this size as often as 5 in a 
100 times. The value of x*^ when P -01 and // 2 is 9*21 . Since 

the calculated value of x'^ for the above data is 7*24 it follow’^ that 
such a value could occur more frequently than one in a hundred 
times as a result of sampling variation but not as often as one in 
twenty. On the evidence of this test we are forced to the con- 
clusion that the null hypothesis is rejected at the 5 per cent level, 
but not at the 1 per cent level. There is, therefore, on the evidence 
of sample data and tlie significance lesl, sufiicient reason for 
believing that the distribution of households according to 
income is different for those who prefer I.T.V. from those who 
prefer B.B.C. programmes. 

The greater the value of x“, the more likely it becomes that the 
dilTercnces between the observed and expected frequencies can- 
not be attributed to chance. The student may already have noted 
that the value of x“ depends on two factors. The first is the actual 
size of the frequencies, or more precisely the dilTerences, but 
these are of course directly related to the absolute size of the 
frequencies. The second is the number of cells. The more cells we 

(O — p:)2 

have, the larger must be the aggregate of — since the 

squared difference is always positive. The tables of the values of 
X“ take account of these considerations, especially the question 
of the number of cells. The follow ing is a small part of a table of 
values of x® ' 
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Distribution of Chi-Square^ 


Degrees of 
Freedom (n) 

1 Probability level: P 


005 

002 

001 

0 001 

I 

.^■84 

5-41 

6-64 

10-83 

2 

5'99 

7-82 

9-21 

13-82 


7-S2 

9-84 

1 1 -34 

16-27 

4 

9-49 

11-67 

13-28 

18 46 


The column on the left contains the values of >vhich is de- 
pendent on the number of cells. The row across the top shows 
the arious levels of probability to which the values of for 
given values of n relates. For example, the column headed 0 05 
gives the values of x” if we are testing our hypothesis at the 5 per 
cent level, 0 01 values lor the I per cent level etc. When n --- 2, a 
computed value of x^ must exceed 5*99 if it is to be regarded as 
significant at the 5 per cent level; if it is as much as 13*82, then 
such a result signifies that the null hypothesis Ccin be confidently 
rejected, there being only 1 in 1,000 chances of it being in fact 
true. The symbol n refers to what the statistician calls the number 
of ‘degrees of freedom’. This is a very important concept but at 
this level of statistical knowledge it is not necessary to under- 
stand its precise meaning. All that is necessary is to be able to 
check a computed value of X“ against the tables. But for this 
purpose wc must know how to obtain the appropriate value of 
n. It can easily be derived by the simple equation n ^ (c — 1) 
(r — I ) when c represents the number of vertical columns of data 
and r the horizontal lows. In the above example, v 3 because 
there were three classes of households and r ^ - 2 since there were 
two main groups of viewers. Thus (c — 1)^2 and (r — 1 ) - 1 ; 
therefore, n 2 x 1 - ^ 2. 

Conclusions 

Since nearly all statistical analysis 'm based on sample data, it 
will be apparent that significance tests form a most important 
branch of statistical technique. The few examples given in this 
chapter represent only the more important tests of general 
application. It is of the utmost importance that the student 
should realise that significance tests do not prove or disprove a 
hypothesis. As already explained, they merely increase or 

* This table is abridged from Table 1 1 1 of Fisher: Statistical Methods for Research Workers, pub- 
lished by Oliver and Boyd Ltd, Edinburgh, by permission of the author and publishers. 
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weaken the statistician’s confidence in his hypothesis, which by 
its very nature has been set up on the basis of other information 
available to him. The test is in a sense the last, not the first, 
stage of his research. Although the application of these tests may 
appear at first sight to entail no more than simple arithmetic, the 
interpretation of the results requires very considerable ex- 
perience and, above all, knowledge of the data and the sample. 
The real purpose of this chapter is not so much to explain how 
the student can imitate the professional. It is first to explain 
something of the statistician’s real work, and second to enable 
the reader to understand the published results of research in 
fields ranging from the social sciences to engineering and 
chemistry where these methods are continuously employed. One 
simple application of elementary sampling theory is provided by 
the use of Quality Control in industry, the principles of which 
are explained in Chapter XX. 
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SAMPLING METHODS 

Sampling has been described as the selection of a proportion of 
the population to obtain information concerning the nature of 
that population. Since even finite populations are usually too 
large to enumerate by a census, our knowledge about them must, 
of necessity, be derived from sampling. Experience in many 
fields has given ample evidence that a correctly chosen sample 
will be representative of the parent population, although a 
single sample, even if properly selected, will not duplicate per- 
fectly the whole in miniature. The diflcrcnces or errors, which it 
is virtually impossible to eliminate by any sampling technique, 
are known as rcuidom sampling errors. It has been shown that 
the size of these errors will be affected by the size of the sample 
and by the dispersion within the population of the particular 
chaiacleristic in which the statistician is interested. Fortunately, 
these random errors tend to offset each other; their pattern of 
behaviour is known and this enables the probable size of the 
error and its expected fiequcn for any given sample to be 
determined. In consequence of such developments, sampling 
techniques have been evolved for numerous fields of enquiry and 
full confidence may be placed in the results so obtained. In the 
words of one authority, 'It is the development of these processes 
that has changed sampling from a speculative and uncertain 
procedure to a method having definite and determinable pre- 
cision’.* This is only true, however, if the sam]>le is drawn in such 
a way that each unit in the population has an equal or known 
chance of selection; /.e., the sample rhust be random. 

The Sampling Frame 

This definition of a ‘random’ sample implies that the process 
of sampling is always undertaken from an accurate list or 
aggregate, e.g., of numbered counters, of the units comprising 
the statistical population. This is an easy assumption to make 

^ Sampling Methods for Censuses and Surveys. F. Yates, C. Griffin. 

G 177 
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in theory. Tn practice, however, it is a condition which unless 
fulfilled will introduce bias into the sample, since if some 
of the population units (as they are termed) are missing from the 
list, then clearly no sampling process can offset the fact that all 
units have not had an equal chance of selection in the sample. 
In other words, the sample is not random, it is biased. It is, 
therefore, of the utmost importance in sampling to ensure that 
the population has been clearly and unambiguously defined and 
then that a complete list of all units in that population is avail- 
able. For example, in the survey ofsavings carried out in 1952 by 
the Institute of Statistics at Oxford in collaboration with the 
Social Survey the sampling ‘unit’ had to be defined. It was finally 
decided to regard a group of people who could be expected to 
pool their incomes and Iheir assets and wlro could agree on the 
use of them as the ‘income unit.’ This was the sampling unit. 
Clearly, there was no ready made list oi‘ ‘inci>me units’, hven the 
‘households* enumerated by the Census of Population authori- 
ties would not serve, since the definition t»ra household this 
case includes a lodger or paying guest who eats with the family 
unit. Such a definition would clearly coincide with that of 
the ‘income unit’. In tlie event, the survey organisers decided to 
draw [1 sample of households by selecting private addresses from 
the local authorities* rating lists. Special measures were needed, 
of course, to select one household or ‘income unit’ wdiei*c more 
than one household or family shaivd \hc same premises. 

The list, or it may be a card index, or even a map, of sampling 
units, is usually referred to as the sampling in practical 

statistical work, frames are often defective and an important 
part of the statistician’s work is to o\ercome the bias that may 
be introduced into the results as a result. The defectiveness of 
the frame may arise because it has been inaccurately compiled. 
The 1951 census of distribut ion enumerated all retail and whole- 
sale selling outlets and service establishments. It is intended to 
use this frame for periodic sample surveys of the distributive 
trades. If, therefore, some shops were omitted in the census, then 
the sampling frame is inaccurate or incomplete. Also, it may be 
out of date if no method is available to record in the list any new 
shops which open or those which close between the census and 
sample survey dates. Inaccuracy in a frame arises since it is 
impossible in a census to ensure that all the informants are 
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trutliful or accurate in their replies. For example, in the Ministry 
of Food lists based upon the ration books which were used as the 
sampling frame in the 1946 Family Census, some women were 
described as married even though in fact they were single. 
According to Dr Yates, ‘all frames are likely to suffer to a 
greater or less extent from various defects,^ /.c., inaccuracy, in- 
completeness, duplication and being out of date. At the outset of 
any enquiry it is of the utmost importance to examine the 
structure of the sample frame which is to be used for obtaining 
the sample units. Having assessed, as far as is practicable, its 
defects and deficiencies, methods must then be devised for over- 
coming them. In the Family Census each woman selected was 
checked to ensure (hat she was in fact married. The student 
should note that the term ‘Census" is rather misleading in this 
case; the enquiry was actually a very large sample survey. 

Random Sampling 

Dr Yales has described c\periinenl> designed to deiFionstrate 
that human selection of a sanijile by what are known as ‘hap- 
hazard’ methods will not yield a random sample. By delinition 
a randojn sample is one in which ‘every member of the parent 
populatioji has had an equal chance of being included.’ The 
average individual is invariably biased in sclcelion anei is doubt- 
less unconscious of the fact. Ti> eliminaic the human error in 
sampling alternah\c and more relial^le met1.(«ds t)f sample 5ielec- 
tion have been de\ised. 

Tlic simplest method is to mimbei all the members of the 
population and then place the same number oi‘ tickets or coun- 
ters in a drum and withdraw them, as in a sweepstake. The 
members corresponding with the numbers drawn comprise the 
sample. Professor Kendall has instanced a ease where even this 
method failed to give accurate results, ^incc a particular form of 
counter was more slippery than others and consequently did not 
turn up in its eorreci pi\)portion. Another method is to select 
from the numbered population those members whose numbers 
are turned up in a table of random numbers. This js not the 
place for a discussion of this technique; those interested w ill find 
a clear account in Yule and Kendall.*^ 

' F. Yates, op. rit 

"An Introduction to the Theory oT StatLslics. Yule .tnd Kondall. C. Cinffin, pp. 376- 
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Systematic Sampling 

In practice, neither of these methods is feasible unless the 
population is fairly small, in experimental work, when a 
sample of a group of results is to be chosen. For most practical 
work it is easier to select every /7th item in a list of the popula- 
tion. This method is termed systematic^ or quasi-random samp- 
ling. Thus, if the lists comprise a population of, say, 25,000 and 
the sample required is 500, then the selection of every fiftieth 
item will yield the required sample. The starting point is deter- 
mined by selecting at random a number between 1 and 50. Thus, 
if 37 turns up, the thirty-seventh item in the list is the first, the 
eighty-seventh and one-hundrecl-and-thirty-sevcruh, the second 
and third in the sample, and so on. Thus, when the Social Survey 
carried out its enquiry among ex-miners suircring from pneu- 
mokoniosis, the first name was selected by picking a number 
between 1 and 7 and ihenccafler every seventh card was selected 
from the files of the pension authority. If the "list’ is in the form 
of a card index, there is no need to count tlic intervening cards if 
their number is large. By setting a ruler across the lile, the cierd 
coinciding with a pre-determined interval, c.g., every 31 inches, 
is selected. 

One of the most recent ollicial uses of systematic sampling 
was in 1946 by the Statistics Committee of the Royal Commis- 
sion on Population. Great care was taken over the preparation 
of the sample comprising over one and a half million married 
women. By normal standards this was a fantastically large 
sample; most national surveys are based on about 2,500 units. 
The need for so large a sample w'as explained by the detailed 
breakdown of the sample which was to be made and in some 
‘cells’ or ‘boxes’, as those small sub-groups are called, there 
would only be a few hundred units, - quite small samples. The 
selection w^as made by extracting every tenth card from the 
Ministry of Food’s records and rejecting all males and single 
women. The Ministry of Food records based on the coloured 
cards from ration books provided a classitication of the popula- 
tion by sex and three age groups. Women could be classified 
from these records as married or single. Checks were made by 
contacting all those selected to ensure that they were actually 
married, and the questionnaire w^as then distributed to them. 

Strictly speaking, systematic or quasi-random sampling is not 
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truly random. This is because once the initial starting point has 
been detemiined, it follows that the remainder of the items 
selected for the sample are pre-determ ined by the constant 
interval. Thus, if we are selecting every twentieth address from a 
street list, the first is admittedly chosen by random methods, but 
the remainder are thenceafter pre-selected. Nevertheless, this 
form of sampling approximates sufficiently closely to pure ran- 
dom sampling to justify its widespread employment. The list or 
sampling frame should be checked to see whether it has been 
previously arranged in such a way that a particular type of unit 
may occur at the appropriate interval and therefore be over- 
represented in the sample. Generally speaking, street-lists and 
alphabetical lists of names are free from such bias, i.e. non- 
randomness in the arrangement of the characteristic. 

These methods are based on the assumption that complete 
lists of the ‘population’ are available. For sampling the human 
population of this country there used to be three lists: the 
national register, the local authority rating lists, and the electoral 
roll. The first was the only complete list, but the second is very 
useful for sampling households. The Government Social Survey 
was for many years favoured by enjoying access to the National 
Register; all other survey organisations used the Register of 
Electors. When, however, the National Register was discon- 
tinued in 1952, the Social Survey was also compelled to adopt 
the Register of Electors as its sampling frame. It continued to 
use the Local Authority rating lists for such surveys as required 
them. Prior to this, however, the Social Survey had undertaken 
an enquiry into the value of the Register of Electors as a samp- 
ling frame* and the change was made without the difficulties 
which would have arisen without such knowledge of the Regis- 
ter's value. The following account is based upon that report. 

The Electoral Register is estimated to include some 96% of 
the resident civilian population of England and Wales at twenty- 
one years and over. Since the Register is used in both parlia- 
mentary and local government elections it is possible for samp- 
ling purposes to distinguish between parliamentary consti- 
tuencies and local government wards. The former are broken 
down into polling districts which constitute the smallest samp- 
ling unit from this frame. Although the Register is revised each 

• The Register of Electors as a Sampling Frame, by P. J. Gray, T. Corlett, and Pamela Frankland, 
C.O.I., November 1950. 
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year so that it is reasonably up to date, any given Register is 
already four months old by the time it is published. It appears in 
March, the lists being based upon the electors’ residence in the 
preceding November. It is eflectively sixteen months old, of 
course, by the time the new edition appears. In other words, the 
Register is not continuously revised, but merely at yearly 
intervals, Le. the November census of electors. Herein lies its 
main defect. Its other defect lies in the fact that a proportion of 
the population entitled to inclusion in the Register has not in 
fact been enumerated. 

Unfortunately there arc no accurate data available to measure 
the size of the error in the sampling IVame arising from these 
omissions and unrecorded changes. The Social Survey report, 
however, contains an account of an investigation into this prob- 
lem. It appears that about of the loss is due to non-regis- 
tration, w^hile there is a furiher loss of \ % monthly arising from 
removal. Thus, wliereas at the date of publication, 94% of the 
eligible population arc included, 12 months after, i.e. im- 
mediately before the new Register is due to appear, only 87% of 
the eligible population is correctly registered. If this shortfall in 
numbers were evenly distributed throughout liic population by 
reference to sex. class and income, the sampling frame would 
not be seriously biassed. The authors of this report estimate that 
the 4% initial loss, i.c. due to non-icgistraiion is not merely 
relatively small in relation to the \\lu;le, but is probably un- 
biassed in so far as it is spread over all groups of the population. 
The monthly loss by renunai is more serious, since it 
appears that a high proportion of the removals are accounted 
for by the under-thirties, so that the age distribution of the 
population remaining within the sampling frame is slighll)^ dis- 
torted. The report concludes that the current Register of 
Electors ‘can be used with confidence as a sampling frame if 
some procedure to deal with “moves'”* can be evolved'. 

Stratified Sampling 

So far it has been assumed that the population to be sampled 
consists of a single homogeneous group, cx-miners dis- 

abled by pneumokoniosis. In many surveys the population is far 
from homogeneous, but markedly heterogeneous. This applies 
to the adult population of a country, w^hich comprises men and 
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women in different age groups, in different social circumstances, 
and so on. Because of these differences in background, individ- 
ual members of the population being surveyed to assess opinion 
about say road accidents, will have divergent views on the prob- 
lem. As WTis pointed out above, ali the individual members of 
the population may be regarded as of that population. They all 
share the common characteristic of holding views on the prob- 
lem, but from experience it is known that certain social groups 
into which the population may be logically divided will think 
differently from other groups. If the population lists are classi- 
fied into groups suitable for this particular survey, clearly a 
better reflection of these views will be obtained by sampling 
from each group, in proportion to the size of that group in the 
whole population. Each group will then be rcprescnled in the 
correct proportion within the sample. Such a sample is known 
as a straUficd sample; in short, \vc speak of population strala 
and not groups. 

It was argued earlier that even if the population is not strati- 
fied, any random sample wail reproduce the distribution of the 
characteristic within the population. Stratification of tlie sample 
is derived automatically. Stratified samples can be drawn with- 
out first stratifying the population list and selecting from each 
stratum. Provided the relative sizes of the strata one to another 
are known, the sample members can be divided ajnong the 
strata as they are drawn. As soon as the quota for any stratum 
is complete, any further items of that type are rejected and 
sampling continues until each stratum has its quota. This 
method will probably entail sampling a larger number than 
w ould be necessary if the population had been classified into its 
various strata at the outset. If the population can be so classi- 
fied, then a stratilied sample, /.c., one made up of random 
samples from each of the ‘strata’, is likely to be more 
representative of the population than any other sample of that 
size. 

A little thought will reveal w'hy a sample drawn from a pre- 
viously stratified population is more likely to be ‘representative’ 
than a similar-sized random sample drawn without prior strati- 
fication of the population. When the population is stratified the 
statistician is in efl'cet drawing a random sample from each 
stratum or homogeneous sub-population. Within each stratum 
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random sampling errors must be taken into account. But the 
composition of the total sample, as far as its distribution between 
the various strata is concerned, corresponds with that of the 
population - because the statistician has arranged it so. In the 
case of a simple random sample from that population, two sets of 
sampling errors must be taken into account. The first are those 
within each stratum - as in the case of the sub-populations or 
strata within a stratified sample. Further sampling errors arise 
in the random sample because the distribution of units as 
between the various strata in that sample may not correspond 
with that of the population. It is this risk which prior stratifica- 
tion eliminates. The simple random sample may yield the 
correct composition of units from the various strata; but we 
cannot be certain and therefore when the sampling error for sueh 
a sample is computed, it is always greater than in the case of an 
equal sized stratified sample. 

In recent years the Social Survey has developed two indices 
which arc employed for purposes of stratifying populations by 
reference to their socio-economic status. The lirst of these i&the 
now well-known ‘J’ Index. The M’, or Juror Index is based on 
the proportion of the population which possesses a jury qualifica- 
tion. An examination of the Eilectoral Register for each polling 
district will reveal that certain names are preceded by the letter 
which implies that those individuals are liable for jury 
service. This qualification is dependent upon ownership or 
occupation of property above a certain rateable value. In other 
words, the larger the proportion of "J’ names in an electoral dis- 
trict, the higher is the number of occupiers and owners of pro- 
perty of a rateable value over certain limits. Since such owner- 
ship or occupation is correlated walh income and social status, a 
high value for the ‘J’ Index in any area reflects a corresponding 
social class. ^ The second is the Industrialisation index, which 
serves much the same purpose. In this case the rateable value 
of an area attributable to industrial hereditaments and transport 
undertakings is expressed as a proportion of the total rateable 
value of that area. The Social Survey has ascertained that in 
the provinces there is a significant degree of correlation between 

I The Social Survev report on ibis index is eontaincd in a paper by Cjra>, Corlclt and Jones entitled 
‘The Propoition ot'Juiors as an Index of the I conoirnc Status of a District’, and published by the 
Central Office ol Intormaiion. The jury qualification is obtained either hv beinK a householder i.e. 
occupier of property of £30 K V. or over in London and Middlesex and £20 elsewhere, or, by 
ownership of property of £10 R.V. or more anywhere. 
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the degree of ‘industrialisation’ and the proportion of the 
population in the highest income group. This index, however, 
is not suitable for the London area and an amended form of the 
index is therefore employed. Here the rating areas are classified 
according to the rateable value per head of the inhabitants within 
each area. The higher the per capita rateable value, the wealthier 
is the district. These indices of stratification are nowadays regu- 
larly employed by the Social Survey and other organisations in 
the preparation of their samples. The difficulty with stratified 
sampling is that it is not usual for the population lists to be 
stratified. In every survey, therefore, the sampling units may have 
to be stratified in accordance with that particular factor w hich is 
relevant to that survey. Reference has already been made to the 
M’ and the ‘industrialisation’ indices. Stratification may be based 
on rateable value per head, on the population per square mile in 
some sparsely populated areas, or by reference to si/e, popu- 
lation districts. The stratification factor will depend on what 
type of stratification will be most uselul lor the particular survey. 
Professor Kendall stratified the sample used in the Readership 
Survey carried out for the Institute of Practitioners in Adver- 
tising by reference to the ratio of Labour to non- La hour voles 
in parliamentary constituencies. 1'lic higher the proportion of 
the Labour vote, the lower the social class of that constituency. 

The advantages of prior slralihcalion of, for example, the 
polling wards in parliamentary conslituencics will be apparent. 
By arranging the wards in some order, e.g. by reference to the 
‘J' index, the required number of wards from which the sampling 
units will be drawn at random can be so selected that each type 
of ward is represented. In other words, the sample of wards will 
include wealthy, middle-class, and working-class wards, assum- 
ing all three types are in that particular population of wards. 
Pure random sampling, as was pointed out above, may produce 
a sample containing only one type of ward. 

Multi-Stage Sampling 

An especially useful method of sampling is known as multi- 
stage sampling, /.c., the sample is prepared by stages. Fhe popu- 
lation is divided into a number of large sampling units, each of 
which in turn is divided into smaller units, and so on. A random 
sample is taken of the large units at the first stage and from those 
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selected a further random sample, i.e. the second stage, is collec- 
ted of the smaller units. 

Although population lists of voters and households are avail- 
able, the selection of a sample by quasi-random sampling would 
be a lengthy task. This, however, is a minor consideration com- 
pared with the time and expense which would be entailed in con- 
tacting the sample units, i.e,, individuals, selected in such a way. 
In all likelihood, the interviewers would find themselves seeking 
out their respondents all over the country from Lands End to 
John o’ Groats, with a mere handful of interviews at most in 
any single county borough. In other words economic consider- 
ations completely outweigh any advantages that simple (single 
stage) random sampling may possess. Common sense suggests 
that some grouping or concentration of interviews in the various 
parts of the country should be possible, without destroying 
the randomness of the sample, that is its representativeness. 
For example, instead of say 60 interviews being dispersed all 
over the West Riding as could be the case if random sampling 
had been used, would anything be lost if those interviews nvere 
concentrated in say two towns in that area, especially if the 
towns in question were selected from all the towns in the area 
by random methods. After al^^ are the inhabitants of Halifax 
and Huddersfield so difterent f^rom those in Batley, Dewsbury, 
etc., that the sample would be biased if the foregoing compro- 
mise were to be adopted ? This seems highly improbable and the 
economic advantages of this compromise solution, which is the 
basis of multi-stage sampling, make it very attractive. In other 
words, statistical precision is still attainable at greatly reduced 
cost. 

The technique of multi-stage sampling can best be illustrated 
by following through the various stages of drawing up a sample 
of the adult population in England and Wales. It is customary to 
distribute the interviews throughout the entire country, and for 
this purpose the total sample is apportioned on a regional basis. 
The Registrar General prepares annual population estimates for 
standard regions, which are set out in Table 32 below. The actual 
population in each region is given, together with its proportion 
of the total population in England and Wales. The final column 
gives the ntimber of interviews to be carried out in each region. 
This is derived by apportioning the total hypothetical sample of 
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4,000 according to the percentage figures in the preceding 
column. It will be realised that such a distribution of the 
sampling units is actually a form of stratification, in this case on 
a regional basis. 

TABLE 32 

Estimated Distribution of Population of England and Wales 
(30th June 1954) 


Standard Region 

Population 

OOO’s 

Percentage of 
Population living 
in Region 

No, of Inter- 
views allotted 
to Region 

Northern . . 

3,151 

71 

284 

Ea.st and West Ridings 

4,098 

9-2 

368 

North-Western 

6,441 

14-5 

580 

North Midland 

3,437 

7-8 

312 

Midland 

4,490 

10 1 

404 

Wales 

2,601 

5-9 

236 

South-Western 

3,065 

69 

276 

Eastern 

3,258 

7-4 

296 

London* 

8,319 

18*8 

752 

South-East* 

2,641 

60 

240 

Southern 

2,773 

6-3 

252 

England and Wales . . 

44,274 

1000 

4,000 


♦ The Standard Region is defined as London and South Eastern, but the per- 
centages are shown separately since the area comprises so large a part of the total 
population. 


The next step is to apportion the interviews within each region 
between the urban and rural population. Here again, the 
Registrar General produces figures giving the proportions of 
each class in each region.^ Generally speaking, in relation to the 
urban population the proportion of rural inhabitants is small, 
but from the point of view of sampling just as important as the 
urban quota. This process too, is really a form of stratification. 
Since the rural sample is usually small it is customary to concen- 
trate such interviews in a couple of rural areas. Thus if in the 
North West region 10 per cent of the interviews are to take place 
in rural districts, then 58 out of the 580 interviews allotted to the 
region will be concentrated into two rural districts selected at 
random from the many such as Clitheroe and Ulverston. The 
remainder of the region’s interviews will take place in urban 
areas. 

This is done by selecting certain towns and carrying out a 
given number of interviews within their boundaries. There are 

1 See The Registrar Ocneral’.s Estimates of the Population of England and Wales: Populations of 
each administrative area at 30th June for any year. 
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two problems here. First, how many and which towns are to be 
selected? After all, the whole point of multi-stage sampling is to 
concentrate the interviews within certain towns rather than dis- 
persing them all over the region. Second, how many interviews 
shall be allotted to each town? Where there are large cities with 
populations of well over half-a-million, then it is simplest to allot 
the city the number of interviews proportionate to its popu- 
lation. Thus, if Liverpool has approximately three-quarters of a 
million inhabitants, then they form about 13 per cent of all the 
urban population in the North West region. The urban quota of 
interviews is 580 — 58 =^- 522, so that Liverpool gets 13 per cent 
of 522, or 68 interviews. Manchester’s quota can be determined 
in the same way. But how does one apportion the interviews 
between the smaller towns, of which there are usually quite a 
number ? The principle is as follows : These urban communities 
are classified in order of size, c.g., all towns with populations 
between 150-500,000; then those from 75-150,000, then 50- 
75,000, down to the smallest town. The aggregate population in 
each group of given-sized urban districts is then expressed as a 
proportion of the entire urban population in the region and this 
proportion applied to the number of urban interviews in the 
region’s quota. Thus, if the towns with populations between 
75-150,0()0 contain 11 per cent of the population, then 11 per 
cent, or 57 of the region’s urban interviews will take place in 
such towns. When, however, there is a number of towns of this 
size it is pointless to spread the interviews over them all. This 
would defeat the whole purpose of multi-stage sampling. Since 
experience has shown that the most efficient distribution of inter- 
viewers is achieved by allotting each one about 30 interviews, 
then two interviewers in two towns can do the entire quota for 
these towns. The two towns are chosen at random from their 
particular group. The same procedure is adopted for each group 
of towns, always ensuring that interviewers arc given a block of 
about 30 interviews in a single locality.^ 

Having decided upon the towns in which the interviews are to 
take place, the next stage is to determine the actual people to be 

I In the 1953 National Food Survey and the 1957 I.P,A. readership survey the first stage sampling 
units were parliamcniarv constituencies in the twelve standard regions, the actual number of con- 
stituencies selected for each region depending on the proportion of the population in the region. 
The advantage of using pailiamentary constituencies as first stage sampling units instead of the 
administrative areas such as county boroughs, non-county boroughs etc. is that they are more uniform 
in si^.e and the grouping (by reference to size) of the administrative areas described above was un- 
necessary, although the largest towns were taken out separately as described above. 
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interviewed. It would be possible to select their names by quasi- 
random methods from the Electoral Register of the selected 
town, or households (if that is the sampling unit) from the local 
authority’s rating list. The former sampling frame is more 
usually employed, but to ensure the maximum likelihood of a 
representative sample the electoral wards, which form the 
smallest unit within the Electoral Register, may be classified by 
reference to the J index. If the local authority lists are being 
used, then the stratification will usually be based on the in- 
dustralisation index outside London and on the rateable value 
index within London. A given number of wards or rating areas 
are then selected at random and finally the names of the persons 
to be interviewed are selected by systematic sampling from the 
electoral or rating lists of those wards or areas. 

It may be helpful to recapitulate briefly the preparation of 
such a sample which is typical of most national surveys. Note, 
first of all, that in this particular sample three types of strati- 
fication were introduced. Strictly speaking, they are not essential 
in the construction of a multi-stage sample. It would be quite 
feasible to sample at random from the first, second and third 
stage sampling units, as they are called, without stratification. 
However, for the reasons already given, the sampling units at 
each stage were stratified; initially by reference to the regional 
distribution of the population and in accordance with the urban/ 
rural distribution, then according to the size of the urban areas, 
and lastly by reference to some index reflecting social class, e.g., 
the J index. The actual stages in the sample were, first, the selec- 
tion of the towns (and rural areas) in which the interviews were 
to be held. Having decided on the towns, the next stage was to 
sample from each of these towns the required number of wards, 
and finally at the third stage to select within the selected wards 
the individual names and addresses. 

The selection of the towns or urban areas, apart from the 
large cities which, by virtue of their size justify their own quota 
of interviews, is more complex than may appear at first sight. 
Within each stratum or group the towns may vary quite sub- 
stantially. Since the smaller towns are usually more numerous 
than the larger, if simple random selection were used the chances 
were that within any such group the smaller towns would have a 
greater chance of inclusion than the larger towns. The larger the 
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Strata employed, the greater does this risk become. To overcome 
the danger that smaller towns will be disproportionately repre- 
sented in the sample simply because they are more numerous, 
although in the aggregate they comprise a smaller proportion of 
the sampling units, a method of sampling with ‘probability (of 
selection) proportionate to size’ is used. Within each group or 
stratum the towns are ranged in some order, e.g., of size, and 
their populations added cumulatively in thjs same way as if we 
had to calculate the median of such a group. Then two (if this is 
the number of towns to be selected in that group) numbers are 
selected from a table of Random Numbers and the towns within 
whose range those numbers fall, are selected. It will be realised 
that the larger towns in each group will have a larger range of 
numbers in the cumulative total for the group and the likelihood 
of the random number selected falling within their particular 
ranges is greater than the chance the random number would fall 
into the smaller range of numbers absorbed by the smaller units. 
In this way, the probability of selection is proportionate to size, 
i.e., a town twice as large as another has twice as many ch^ces 
of selection, just as the holder of 100 Premium Bonds has ten 
times the chances of winning a prize in any month than the 
holder of only 10 Bonds. ,• 

The weakness of multi-stage sampling such as has been out- 
lined above, will be fairly obvious. Since random sampling errors 
cannot be avoided, they must accumulate at every stage, and 
the sampling error will be larger in a multi-stage sample than 
for a sample of the same size selected by single-stage stratified 
sampling. Since most of the present-day nation-wide surveys are 
based on samples collected in this manner, the problem deserves 
serious consideration. Although the error is larger than for 
single-stage stratified sampling, with widely scattered popula- 
tions the cost per completed questionnaire is sufficiently lower 
to offset the disadvantage cited. This weakness can be partially 
eliminated by increasing the size of the sample to obtain the 
same degree of accuracy as would be obtained by a smaller 
stratified sample. The advantages of multi-stage sampling are 
extremely important. For nation-wide surveys it is the only 
method which is administratively practicable, especially as it 
only becomes necessary at the final stage to use the lists of the 
population to be sampled. In the first and second stages 
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sampling from national population lists is unnecessary, since it 
is the administrative counties and then cities and towns which 
are sampled. Only for those selected areas are sampling frames 
necessary. 

Quota Sampling 

To economise in time and cost, American practice has pro- 
vided a ti;chnique known as quota sampling. In a nation-wide 
survey the size and composition of the sample and the strati- 
fication are all determined at the centre. The interviewer, in- 
stead of receiving a list of names and addresses to be inter- 
viewed, receives a list of individuals classified by social types, c.g., 
one professional man over 45, two labourers, two clerical workers 
one male and one female both under 30 years, and so on. The 
interviewer can then select at her own discretion all the required 
interviews without considerable travelling and possible time- 
wasting. The value of knowing the strata comprising the pop- 
ulation can now be appreciated since quota sampling would be 
impossible without this knowledge. The classification employed 
is usually quite simple; for example, the stratification employed 
by the Hulton Readership Survey shown below. The student 
may care to compare this particular classification with that used 
by the National Food Survey. The latter is given in detail in the 
report on Domestic Food Consumption and Expenditure in 
1950, published by H.M, Stationery Office in 1952. 

This classification probably appears deceptively simple and 
rather arbitrary. It is, furthermore, based on rather doubtful 
statistical data. The Registrar General does classify the popu- 
lation by reference both to social class and socio-economic 
status, but the divisions are broad and the data can at best serve 
as a rough guide to the preparation of a stratified quota sample. 
In practice the interviewer is provided with detailed schedules of 
the criteria by which the informant’s class was to be judged, e.g., 
occupation, possession of a car, house and so on. Each inter- 
viewer is given the ‘quota’ of interviews which he is to obtain 
with so many respondents of either sex from these various 
classes. This, in a sense, is no more than the prior stratification 
of the population; but whereas in all the random samples 
described above, the interviewer is given specific individuals to 



The Social Classes* 


{Source: The Hulton Readership Survey 1954) 


Class 

1 

Descrip- 

tion 

, Percent- Usual 

age of Income 

Brief Description i Families Level of 

in each Head of 

Class Household 

A 

The Well- 
to-do 

Doctor, chartered accountant, 1 4 Over 

barrister, solicitor, civil servant > £1,300 p.a. 

in the administrative grades, j 
town clerk, headmaster of a i 
public school, university profes'^ ' 
sor, hospital matron, county ; 
welfare officer (woman), stock- , 
broker, owner (or senior execu- • 
live) of a large business, manager ■ 
of a large branch of a bank, , 
farmer of a large farm. 

B 

The 

Middle 

Class 

i 

1 

- i 

Surveyor, estate agent, qualified 8 £800 to 

engineer, industrial scientist, £1,300 p.a. 

veterinary surgeon, chief librar- 
j ian, headmaster of a smaller 

school, vicar, civil servant in the 
senior executive grades, other ; 

bank managers, owner (or , 

I senior executive) of a medium 

1 sized business (factory or shop), ^ 

farmer of a medium sized farm. 

C 

The 1 ower! 
Middle 
Class 

1 

Civil servants in the intermediate 17 £450 to 

executive grade, bank clerk, £800 p.a. 

1 managing cldrk, shorthand 

i typist, teacher, library assistant, 

! physiotherapist, nursing sister, 

! commercial traveller, foreman, 

1 station master, owner (or mana- 

j ger) of a small business or shop, 

farmer of a small farm. 

D 

i 

The 

W^orking 

Class 

j 

Skilled and semi-skilled manual 64 £250 to 

workers: bricklayer, painter, £650 p.a. 

plumber, fitter, machine opera- 
tor, farm worker, garage mecha- , 
nic, metal worker, foundryman, , 
toolsetter, press worker, riveter, 
j miner, postman, policeman, bus- 

1 driver, railway worker, shop 

■ assistant, junior clerk-typist, 

barman, waiter. 

E 

The Poor j Unskilled manual workers: 7 Under 

labourer, cleaner, market porter, £250 p.a. 

j charwoman, packer, domestic 

: ! help, lampman, bargeman, snack- 

1 bar attendant, scrap sorter. 

Also old age pensioners who are 

1 almost solely dependentupon the i 

I pension as a source of income. 
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* In the preceding table emphasis has been placed on the ‘social’ rather than on the 
‘economic’ standard of classification, since information about income is difficult 
to obtain. The assessment of the informants has been made by interviewers on the 
basis of their appearance, speech, occupation, type of house and district in which 
they live (in the case of persons interviewed at home); in fact, all those subjective 
characteristics by which we are accustomed to make a mental assessment of 
people’s social and economic position. 

interview, in quota sampling the choice of the actual sample- 
units, /.e., respondents, is left to the interviewer. 

The weaknesses of this technique are all too apparent. It has 
been established that truly random selection by any individual 
without some pre-arranged procedure is impossible. Interviewer 
bias in the absence of direct control in selection of their respon- 
dents is unavoidable. And since the sample is not truly ran- 
dom, the significance tests for reliability of the results cannot 
legitimately be applied. This is a vital weakness, since the whole 
essence of random sampling is that it enables the statistician to 
slate the probable accuracy of his results within clearly defined 
limits. To the extent that much of the interviewing undertaken 
for the commercial organisations may take place outside the 
home, bias may be introduced into the result by an inadequate 
representation of those people who spend most of their time at 
home, for example, the very old, or housewives with large 
families. To overcome this danger the interviewer is often given a 
quota in which he is given a clear indication of where he will find 
suitable respondents. He may be asked to contact so many shop- 
workers, or transport workers, fann workers, office workers and 
housewives. In each case the adjective indicates the most suit- 
able place in which the respondent may be contacted. This more 
detailed classification, as Mr F. Edwards of the British Market 
Research Bureau has pointed out in his paper on sampling 
methods,^ is particularly important with quota sampling since 
using the simplest form of socio-economic classification approxi- 
mately 70 % of the population comes within the group known as 
‘working class’. It is imperative therefore that this large group 
should be broken down to enable the interviewer to collect the 
appropriate respondents thereby ensuring that the sample is 
representative of the entire population, or that part of it known 
as the ‘working class’. In brief, the degree and precision with 
which the ‘quota’ sample can be stratified forms the key to the 
reliability of the results. 

I Sampling Methods^ Pari II in 'Modern Sample Survey Methods’ published by the Association of 
Incorporated Statisticians. 
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It is noteworthy that the Government Social Survey only 
employed quota sampling for some of its enquiries in the first 
two years of its existence, but thereafter dispensed with the 
method for the reasons given above. But those employing quota 
sampling, /.e., most commercial market research agencies and 
public opinion polls, argue that it is adequate for their purpose. 
Against the above criticisms those employing quota sampling 
argue that their interviewers are properly trained, carefully 
briefed and keenly aware of the problems ihvolved. This is cer- 
tainly true of one well-known international business organisa- 
tion in this country, which has a large market research organisa- 
tion employing full-time interviewers. Even the Social Survey 
only employs part-time interviewers, although great pains 
are taken to train and then test them. Furthermore, the results 
from every interviewer are checked and recorded over a long 
period and any bias noted. Finally, the main argument, since 
given adequate resources both types of sampling could be carried 
out with f Lilly trained staff, is that the commercial organisations 
do not require the same degree of accuracy as the Governqsient 
survey unit on whose results administrative action affecting the 
whole population may be based. 

Even if the bias arising from quota sampling (assuming it 
could be measured) is greater tlian that in random sampling, it 
need not affect the final results of the survey very greatly. The 
reason for this statement is to be found in the fact that by far 
and away the major errors in any survey are committed at the 
interviewing stage where, unfortunately, they frequently remain 
undetected. Relatively to this type of error, the bias introduced 
by a quota sample may be small. Furthermore, it shovdd be 
noted that due to non-response and failure to contact selected 
respondents, even a random sample may suffer from bias. This 
is because the ‘non-respondents’ may form a particular group 
and may not be the same ‘type’ as those respondents who were 
interviewed. This point is very important and is discussed further 
on p.230. For all practical purposes, therefore, the weaknesses of 
quota sampling are not as serious as they appear at first sight. 

Much of the criticism levelled against quota sampling is in 
part a relic of the early days of American experience before 
interviewers were trained and all the difficulties of the sampling 
technique appreciated. The tightening up of the organisation of 
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commercial agencies, the institution of checks on interviewers’ 
work, and an analysis at intervals of their results, has unques- 
tionably overcome the worst dangers. For example, in one 
organisation using quota sampling it has been stated that the 
supervisors call back on 10% of the respondents. Another 
organisation makes a postal check on 10% of the interviews 
conducted by their interviewers, and carries out an occasional 
100% check on individual interviewers. As the author of a paper 
on quota sampling has pointed out, such checks in themselves 
may not be particularly effective, but the psychological effect of 
their existence upon interviewers is undoubtedly considerable.’ 
In the meantime, public opinion polls employing quota sampling 
can at least point to their record and show that their method has 
usually provided accurate results, despite the adverse publicity 
given to one or two failures. 

Cluster Sampling 

As we have seen, simple random sampling docs not yield such 
a high degree of precision as stratified sampling, while multi- 
stage sampling is almost as much the product of economic as 
statistical considerations. But in all these samples, what is 
termed the primary sampling unit is the individual unit, e.g., an 
adult or a household. The larger the number of primary 
sampling units, the larger will be the cost of a survey. Sometimes 
the cost factor may necessitate a different form of sampling 
whereby interviewers concentrate all their interviews in a re- 
latively small number of areas or groups. Suppose that a survey 
is being carried out over a large area in which the population is 
extremely dispersed. A random sample would be quite imprac- 
ticable. Alternatively, the survey may be concerned with measur- 
ing the number of homes with refrigerators in a large area for 
which there exists no list of these homes, i.e., there is no sampling 
frame. To carry out a census to derive a sampling frame would 
be very expensive indeed. This was in fact done in the United 
Kingdom in 1950 as a preliminary to the Census of Distribution 
which was later to provide a sampling frame for future periodic 
sample surveys. But usually, where no list or frame exists, 
random sampling is impossible. Furthermore, where the 
sampling units are widely scattered, the costs of a pure random 

^ Quota Sampling^ C.A. Moser. J.R.S.S. Part ITI, 1952. See also *An Experimental Study of 
Quota Sampling.' by C. A. Moser and A. Stuart J.R.S.S. Part IV, 1953. 
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sample could be considerable. If, however, a few blocks of 
dwelling houses or localities were selected at random and every 
individual in each block interviewed, then if the blocks when put 
together form a sample which constitutes a representative group 
of the population, the statistician will have achieved his objec- 
tive, i.e., a random sample of the entire population. 

To meet the problem of costs or inadequate sampling frames 
in the United States this method of c/MJler sampling, sometimes 
known as area sampling, has been devised. By the use of map 
references, the entire area to be surveyed is broken down into 
smaller areas and a few of these areas are selected by random 
methods. The primary sampling unit is then no longer the in- 
dividual but is a group of individuals or households to be found 
within the sleeted area. Such groups are termed ‘clusters’. Within 
each area selected, sometimes every unit, e.g., household, is 
interviewed. Sometimes it is only a proportion, say, one in 
four households. Nothing need be known in advance about the 
area, the number or type of sampling units in it, but by following 
these procedures the chances of inclusion in the sample can be 
made the same for all individual units to be found within the 
area. 

The basic problem with this type of sample is whether or not 
the units within the clusters are homogeneous. The danger un- 
doubtedly exists that clusters often tend to comprise people with 
similar characteristics and since the statistician is picking out 
only a few clusters, he may find himself with a biased or non- 
representative sample. If the individual clusters are hetero- 
geneous, i.e., made up of all types of individual, then the final 
collection of ‘clusters’ may well constitute a random sample. If, 
however, the clusters are highly homogeneous in their composi- 
tion, the reverse is true. In other words, whereas the statistician 
who wants to be able to stratify his sample is concerned to ensure 
that each stratum in the population is homogeneous, the same 
statistician using cluster sampling would prefer the areas, i.e., 
strata from which he is sampling to be heterogeneous. In 
practice, the statistician using cluster sampling is well advised to 
take a sample consisting of a large number of small clusters 
rather than a similar sample containing only a few large clusters. 

Cluster sampling has been evolved in the United States 
because it permits surveys to be undertaken with low costs and 
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also because adequate sampling frames for the relevant popu- 
lations are not always available. In this country we are not con- 
fronted with the problems of widely dispersed populations. In 
the United Kingdom, area sampling was used in the Census of 
Woodlands in 1942 for which it was eminently suited. 

The Sample Size 

The point has already been made that the costs of a sample 
survey are directly related to the size of the sample used. The 
object of sample design, as it is called, is to maximise the degree 
of accuracy or precision in the sample results for any given out- 
lay. We have seen that a stratified sample will give a greater 
degree of precision than a simple random sample; while both 
multi-stage and, to an even greater extent, cluster sampling 
represent compromises between statistical and economic con- 
siderations. Whichever type of sample design is used in a survey, 
the inevitable question arises as to the size of sample to be taken. 
If one asks the simple question, ‘what is the appropriate sized 
sample for a particular survey’, the answer is invariably, ‘the 
largest practicable.' We have seen that every increase in the 
sample size brings with it some increase in the precision of the 
sample estimate. The point has also been made, but it bears 
repetition since it often puzzles the layman, that the size of the 
population from which the sample is to be drawn is quite 
irrelevant. 

The key to the question as to the appropriate size of a sample 
is determined by the results required. Let us assume that the 
leaders of a political party want to know the proportion of the 
electorate which approves their particular policy. The statis- 
tician may inform them after an opinion poll has been taken, 
that he is 95 per cent certain that between 40 and 50 per cent of 
the electorate support the party. This is clearly of little value; 50 
per cent means victory at the polls, the figure of 40 means defeat. 
In the example quoted, it is quite clear that the standard error of 
the percentage is per cent since the 95 per cent level of 
confidence sets limits of twice that error about the sample statistic 
of 45 per cent. To give more precise results at the same level of 
confidence, the statistician must take a larger sample and his 
clients must therefore pay more for his work. Suppose the clients 
will be satisfied to know with 95 per cent confidence within one 
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per cent either way the proportion of the electorate supporting 
them. In other words, the sample must yield a standard error of 
0*5 per cent. From the formula for the standard error of a per- 


centage, s.e. 



we can by substitution arrive at the 


required sample. Thus: 


5 % = 


45 X 55 
0-25 -- 

X 

0-25a: - 2,475 

X - 9,900 


Strictly speaking, the above formula applies only to a simple 
random sample. As has been explained, the gains in precision 
from prior stratification of the population or the sample are 
considerable. But the formula for deriving the standard eri^r of 
a stratified sample is much more complex. It consists largely of 
summing the standard errors within each of the strata making up 
the sample. Similarly, the calculation of the standard error of a 
multi-stage sample is complicafed by the fact that at each stage a 
random sample is taken of the relevant sampling units and these 
standard errors accumulate. Generally speaking, however, the 
above simple formula based upon the standard error of a 
proportion gives a useful and easily calculated guide to the 
maximum sample required in a survey which is concerned to 
ascertain the extent to which the population possesses a par- 
ticular attribute, c.g., watches I.T.V. or votes Liberal, etc. When 
the statistician is dealing with variables, c.g., the average income 
of members of a given population, then a different formula is 
required. 

The main object of the foregoing section is to impress upon 
the reader that sample size has nothing to do with the size of the 
population and that, in a sense, the statistician works backwards 
from his probable results to decide upon the required sample. 
The important consideration is the degree of precision required 
in the results. The importance of costs has been much stressed, 
but no statistician will subordinate statistical considerations to 
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considerations of finance. His function is to advise his clients as 
to the best and cheapest way of obtaining the information they 
require. If they are not prepared to meet the cost of what the 
statistician considers to be the minimum sample required to 
yield the information they have asked for, then he will advise 
them that to undertake the enquiry will merely waste their 
money. 

Conclusions 

In this chapter an attempt has been made to describe in simple 
terms the main types of sample which are currently employed in 
survey work. Reference has also been made to the considerations 
which may determine the actual sample design employed by the 
statistician. Great emphasis has been placed upon the need for 
random selection of the sampling units. Only if this rule is ob- 
served can the precision of sample statistics be measured by 
calculating their standard error. Considerations of economy and 
time have led to the widespread adoption by many commercial 
market research agencies of quota sampling. From the statis- 
tical point of view this method is inferior to random sampling; 
but random sampling is itself subject to other weaknesses. Pro- 
vided the data are available to enable quota samples to be 
stratified in some detail, the results achieved are undoubtedly 
good enough for the purposes for which quota samples are 
generally used. 
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REGRESSION AND CORRELATION 

So far we have been discussing the description and analysis of 
one variable. For example, the weekly turnover of twenty retail 
shops can be set out in tabular form as follows and for this dis- 
tribution it is possible to calculate the arithmetic mean and the 
standard deviation. 


Retail Shop 

, 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Weekly 
Turnover £ 

150 

200 

210 

230 

260 

280 

300 

320 

350 

370 

Retail Shop 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Weekly 
Turnover £ 

380 

400 

410 

430 

460 

470 

480 

500 

520 

540 


A similar tabulation can be constructed to show the gross profit 
of each of the same twenty shops and the same statistics calcu- 
lated. There would, however, probably be some relationship 
between turnover and the amount of profit. We might ask, for 
example, whether the profit increases constantly with the turn- 
over? In order to answer this question the data can be arranged, 
as a preliminary to further analysis, in the form of a table such 
as that above together vrith the following data relating to profits. 


Retail Shop 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Profit £ 

30 

35 

40 

45 

50 

50 

60 

65 

70 

70 

Retail Shop 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Profit £ 

80 

75 

85 

90 

100 

80 

90 

100 

no 

115 


There are, however, rather too many figures to judge to what 
extent turnover and profit are directly connected, i.e., that a 
^ven increase in sales is accompanied by a specific increase in 
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profits. A simple deyjj^' for examining the data so as to bring out 
any relationship .^tween the two variables is the so-called 
scatter diagi^Mlki''^ 

This is an ordinary graph on which turnover is measured along 
the base and the profit against the vertical axis. For each shop 
there are two values which together locate a point on the graph. 
The twenty pairs of values are plotted on the graph depicted in 
Figure 19a. It is immediately apparent that the points plotted 
form a clear pattern diagonally across the graph from the 
bottom left-hand comer to the top right. Such a pattern signifies 
that the amount of profit tends to rise with the sales volume of 
each shop. 

Lines of Regression 

It is possible to define the approximate relationship between 
profit and turnover in mathematical terms by means of an 
equation. Any straight line conforming to the path of the points 
plotted in the graph can be defined by an equation of the form 
y = a bx. Given this equation and the values of a and b, which 
are termed constants, then by substituting in the equation any 
value of X, we can derive a value for _v. Unfortunately, in this 
particular case, the points plotted do not lie exactly along such a 
line. They are scattered about that line, some above and some 
below. 

Now rearrange the data ^iven above in the form of a frequency 
distribution. For any given turnover, what is the average profit? 
This can be obtained by setting down the figures of turnover and 
profits in two separate groups : 


Turnover 

A* 

Observed 

profit 

y 

Average 

profit 

Turnover 

X 

Observed 

profit 

y 

Average 

profit 

150— 

30 

30 

4(X)^— 

75, 85, 90 

83i 

200— 

35, 40, 45 

40 

450— 

100, 80, 90 

90 

250— 

50, 50 

50 

500— 

100 , no 

105 

300— 

60, 65 

62^ 

550— 

120 

120 

350— 

70, 70, 80 

73i 

1 




and for each class of turnover we can derive an ‘average’ profit. 
If these average figures are now plotted with the mid-points of 
the corresponding classes of turnover, it will be seen from 
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Figure l9BS:^1liat the approximation of the plotted points to a 
straight line is much better. The line that has been drawn on the 
basis of these points, i.e., through the means of each ^oup of y , 
values corresponding to each value of x, is drawn in such a way 
that the squares oT the vertical distances between each of the 
points and the lin^nder or over the point are at a minimum. 
Such a line is caifed a regression line because it is derived from 
the equation which defines the regression of^ upon x. In terms of 
our data, it measures the extent to which y; i.e., profit, is deter- 
mined by or dependent upon the value of x, i.e., the turnover. 

The rather curious term regression needs some explanation 
since it has no obvious relevance to the data. This type of regres- 
sion analysis was developed by Sir Francis Galton towards the 
end of the 19th century and the original data he used relat^gj^ to 
the heights of fathers and sons. He found that on average tall 
fathers had tall sons, but the sons tended to ‘regress’ to the 
average male height. The term has remained in use for all types 
of data ever since. 

So far the data have been studied from the point of view4;hat 
turnover determines the rate of profit. The relationship between 
such vat;iables is not always such that the causal effect is 
apparent. It is, for example, reasonable to assume that profits 
depend upon turnover, but the^ causal relationship between the 
increase in cancer and, say, the expansion of motoring, which if 
plotted might reveal a marked association, is by no means 
obvious or certain. It is therefore sometimes practicable to 
reverse the two variables. It might be argued that the level of 
profit determines the turnover' and in terms of our regression 
Aquation, profit should be represented by the independent vari- 
able X and turnover would then be the dependent variable y. Then 
we re-classify the original data so that for given rates of profit 
we can calculate the average turnover. This is done in the table 
below and the values for .v and y are plotted on the scatter 
diagram as small circles. 

For these points as well, it is possible to fit a regression line. 
In this case, however, it is so drawn that the squares of the 
horizontal differences between the points and the regression line 
are minimised. This particular line is known as the regression 


I For example, in those shops where profits are high every effort may be made to expand turnover 
and the scale of business. 
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Figure 19 
Regression Lines 
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Profits 

JC 

Observed 

Turnover 

y 

Average 

Turnover 

Profits 

X 

Observed 

Turnover 

y 

Average 

Turnover 


150. 200 

175 

80— 

380,410,470 

420 


210, 230 

220 

90— 

430, 480 

455 


260, 280 

270 

100— 

460, 500 

480 


300, 320 

310 

no- 

520 

520 


350, 370, 400 

373 

no— 

550 

550 


line of X upon y. It yields similar information to the other 
regression line of y upon x. 

It will be seen from Figure 19c that these two lines do not 
coincide, although they intersect each other. But suppose, when 
the first regression line was drawn, all the points lay along its 
path. In other words, the vertical distances between the line and 
the observed values of the dependent variable for each value of 
the independent variable were zero. If we were then to draw the 
other regression line so that the horizontal differences were at a 
minimum, where would it lie ? Clearly, it would coincide with the 
first line; in other words, the regression lines, and therefore the 
two regression equations, are identic>rt. But, this situation will 
only arise if the relationship between a: and y is perfect, /.e., any 
given movement in x is invar^bly accompaniec^by a propor- 
tionate movement in y. It then becomes possible to predict from 
the regression equation the value of y which corresponds with 
any value that at may take. Such a perfect relationship, or degree 
of association as it is sometimes termed, is the exception rather 
than the rule. The* points do not usually lie along a single line 
and therefore for any set of plotted points it becomes possible to 
draw two regression lines. At one extreme these lines coincide, 
that is when the relationship between the two variables is per- 
fep^l In Graph C of Figure 19 the two regression lines are very 
close and therefore the degree of association is high. This is 
given by the valq^ of /r„ which has a maximumi value of unity and 
a minimum of zero.^ At the other extreme in Graph D,. where 
there is virtually no association whatsoever between the two 
variables, the regression lines are at right angles to each other 
and the value of r is virtually nil. A note explaining the method 
of calculating these regression lines is given at the end of this 
chapter. 

^ This is explained below. 
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The regression lines always cross one another at the means of 
the two distributions of x and y values. If the mean turn- 
over is calculated it is found to be £363 and the mean profit is 
£72. Reference to the diagram will show that tliese values 
mark the point of intersection. This fact of intersection at the 
respective means of the two variables is very The 

degree of association between the variables is measured by the 
extent to which the deviations for each pair of observed x and y 
values (which form a point on the graph) correspond, the de- 
viations for each pair of .y and y values being measur^from the 
respective means of the two variables. If the relationship between 
the deviation for a given value of x and the correspondyj^ 
'^'deviation for the related value of y is fairly regular, then it 
follows that the two variables are co-related, movements in 
one variable are associated with given changes in the other. The 
importance of measuring the deviations of values of both 
variables from their respective means will be more apparent 
when we calculate the degree of association, or what is known as 
the coefficient of correlation represented by the letter r. 

The Coefficient of Correlation 

In the above illustration the relationship between x and y was 
such that the pairs of observed values increased together or 
declined together. In such a case the correlation is described as 
positive or direct. When an increase in one variable is accom- 
panied by a fall in the other, for example, an increase in family 
incomes is accompanied by a fall in the consumption of bread 
and potatoes, then the correlation is known as inverse or 
negative. The distinction between the two types of relationship is 
always indicated by the sign, plus or minus, placed before the 
value of the coefficient of correlation. This coefficient is zero 
when there is no association between x and y, i.c., when the 
regression lines would be at right angles to each other (Graph D). 
When the regression lines coincide, however, /.e., perfect 
association, the coefficient has a value of unity. The formula for 
determining the value of the coefficient is such that the latter will 
always lie between zero and unity, either positive or negative. It 
can never be greater than 1 . Therefore, if the student finds at the 
end of an exercise that his coefficient exceeds unity, then he will 
know he has made a mistake in the calculations. 
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As already explained, the coefficient of correlation is a mea- 
sure of association. Sometimes it is a measure of inter-depen- 
dence, in which case we say the relationship is causal. It differs 
from the equation defining either of the lines of regression in so 
far as the latter define a unique relationship from which, given 
Jhe change in (say) X, it is possible to compute the most probable 
change that will follow in Y. The coefficient of correlation 
merely indicates the closeness or__intensity of the association 
without defining it. For example, the correlation coefficient of 

0-9 given by the data relating to the 20 retail shops suggests 
, that there is a fairly close relationship between the turnover and 
profit. If the coefficient had been only + 0-3 we should have 
deduced that the relationship was not sufficiently evident - at 
least from the data available - to justify any use of the relation- 
ship for analysis or prediction. Generally speaking, it is cus- 
tomary to compute the correlation coefficient and to ignore the 
lines of regression and the regression equations unless the rela- 
tionship between the variables is such that it may reasonably be 
summarised in the form of a mathematical equation. The pext 
few seetjons of this chapter are devoted to explaining methods of 
deriving the value of r. The coefficient of correlation, like any 
other statistic, is derived from sample data. The larger the 
sample the more reliable the statistic as an estimate of the 
corresponding parameter. But in order to simplify the exposition 
and keep the calculations to a minimum the illustrations are 
based on typical examination questions rather than realistic 
data. This approach is fully Justified because although references 
in the social science literature to the employment of correlation 
technique are frequent, it is in practice an extremely difficult 
statistic to interpret. 

Calculating the Coefficient 

When the relationship between two variables is linear and the 
data have not been grouped, and only in such cases, the cor- 
relation is computed by means of the following formula: 

Y.xy 

^ ~ N03cC^ 

where the symbols x and y in the numerator (/.e., the upper part 
of the fraction) represent not single values of x and y, but the 
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deviations of all x and y values from their respective mentis, in 
the same way as we used the deviations from the mean when 
calculating standard deviations by the short method (See p. 126). 
To remind us of the meaning of the above formula for R, we can 
write the numerator as 2 (jc — Jc) (y — p) where x is any single 
'value of that variable and jc is the mean of all the x values.^ The 
same applies to y. Note that these ‘deviations’ will also be used 
for calculating the two standard deviations which the formula 
requires. 

This formula or method is sometimes referred to as the product- 
moment, or the Pearsonian coefficient; the first following the 
method of calculation and the second the name of its discoverer, 
Karl Pearson. 

In the following illustration the data relate to the turnover and 
the profit margin of the sample of shops discussed earlier. It is 
required to calculate the correlation between the size of the 
weekly turnover and profit margin. The data are given in 


Calculation of r by Product-Moment Method 


1 

2 

3 

4 

5 

6 

7 


8 

Re- 

tailer 

Weekly 

Turn- 

Profit 

Margin 

{x-x) 

(y-J) 

(x-^> 

(y-yy 

(x-xXy-y) 

No. 

1 

over 

ix) 

£ 

150 

£ 

30 

— 213 

— 42 

45,369 

1,764 

+ 

8,946 

2 

200 

35 

— 163 

— 37 

26,569 

1,369 

+ 

6,031 

3 

210 

40 

— 153 

— 32 

23,409 

1,024 


4,896 

4 

230 

45 

— 133 

— 27 

17,689 

729 

+ 

3,591 

5 

260 

50 

— 103 

— 22 

10,609 

484 

+ 

2,266 

6 

280 

50 

— 83 

— 22 

6,889 

484 

H- 

1,826 

7 

300 

60 

-- 63 

— 12 

3,969 

144 

+ 

756 

8 

320 

65 

-- 43 

— 7 

1,849 

49 

+ 

301 

9 

350 

70 

— 13 

— 2 

169 

4 


26 

10 

370 

70 

-h 7 

— 2 

49 

4 


14 

11 

380 

80 

4- 17 

4- 8 

289 

64 

+ 

136 

12 

400 

75 

+ 37 

4- 3 

1,369 

9 

+ 

111 

13 

410 

85 

+ 47 

4- 13 

2,209 

169 

-h 

611 

14 

430 

90 

4- 67 

4- 18 

4,489 

324 

+ 

1,206 

15 

460 

100 

4- 97 

4- 2S 

9,409 

784 

+ 

2,716 

16 

470 

80 

4- 107 

4- 8 

11,449 

64 

+ 

856 

17 

480 

90 

4- 117 

4- 18 

13,689 

18,769 

324 

+ 

2,106 

18 

500 

100 

4- 137 

4* 28 

784 

+ 

3,836 

19 

520 

no 

4- 157 

4- 38 

24,649 

1,444 


5,966 

20 

540 

115 

+ 177 

4- 43 

31,329 

1,849 

+ 

7,611 


7,260 

1,440 

0 

0 

254,220 

11,870 

-f 53,780 


1 The symbol OT means the *sam of all these products. 
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7,260 

20 


- 1.440 

363. y = = 72. 


^ ^ /2S4,220 ^ „2-7. Oy = /iL5Z9 = 24-4. 

V 20 V 20 




53,780 


Nctjc 

53,780 

54,997*6 


20 X 112*7 X 24*4 

f 

= 0-98. 


columns 1 , 2 and 3 and the calculations may best be followed if 
set out in stages. The true means of both distributions are easily 
found. In the case of the weekly turnover it is.,£363, and in the 
case of profit, £72. In columns 4 atid 5 the deviations from 
the true means of the numbers of the items in each variable are 
set out. In columns 6 and 7 the deviations given in columns 4 and 
5 have been squared and summed. The calculation so far is no 
more than would be required for deriving the standard devia- 
tions of any two distributions.. Since the deviations of the 
individual values in both series have been measured from their 
true means their sum is zero (see columns 4 and-Sj. Column 8 
provides the sum of the cross products. It will be seen that the 
deviations given in columns 4 and 5 are multiplied together 
and the products aggregated. Their sum, which forms the 
numerator in the formula for calculating the coefficient is often 
referred to as the ‘co-variance’. The next stage is to substitute 
these values in the appropriate formula. The numerator is 
given by the siwi of tbe...cross-products in column 8 and is 
divided by the number of pairs of items, i.e. 20, and the product 
of the two standard deviations. The two standard deviations are 
easily derived from the data given in columns 6 and 7. It will be 
noted that the working in each case is from the true means: no 
correction is necessary. Substituting the appropriate values in 
the formula for the correlation coefficient, the value of the co- 
efficient is derived by simple arithmetic. 

The numerator in the formula is based on the need to provide 
a meaning for ‘high’ and ‘low’ values of the coefficient. All the 
values of each variable must be related to a comparable value; 
in this case the means of the two distributions are the norm for 
each pair of values. Provided the pairs follow some pattern in 
respect of their divergence from their respective means - which 
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will be the case if the two values are related -then positive 
deviations from the mean will be fairly regularly associated 
either with similar positive deviations of the other variable when 
r will also be positive, or with negative deviations, when r will be 
negative. It will be seen from the example below that if high and 
low values of X and Y are indiscriminately associated {ue. the 
paired variations from the respective means of both X and Y 
values are-not at least fairly consistent in direction) then the sum 
of the products of the deviations will be small. Therefore r too, 
will tend to be small. ^ 




\a 

lb 


X 

ix—x) 

Y 

O’— J) 


Y 

O’— J) 

(x— JC) (y—y) 

3 

— 6 

■ 7 

—12 

+ 72 

28 

4- 9 

— 54 

5 

— 4 

14 

— 5 

+ 20 

24 

4- 5 

— 20 

7 

— 2 


+ 1 

— 2 

21 

+ 2 

— 4 

9 

0 

21 

+ 2 

0 

20 

4- 1 

0 

13 

+ 4 

24 

+ 5 

-1 20 

14 

— 5 

— 20 

17 

-f- 8 

28 

+ 9 

4- 72 

7 

—12 

— 96 

6)54 


6)114 


4- 182 

6)114 


— 194 

AM=< 


AM= 

= 19 


AM- 

= 19 

* 




II. 





X 

(jr— 5) 

Y 

O’— J) 

(a:— jc) O^J') 




3 

— 6 

20 

+ 1 

— 6 




5 

— 4 

14 

— 5 

4 20 




7 

— 2 

28 

4- 9 

18 




9 

0 

21 

+ 2 

0 




13 

+ 4 

7 

—12 

— 48 




17 

+ 8 

24 

5 

4- 40 




6)54 


6)114 


— 12 




AM = 

-9 

AM- 

19 






In numerical terms the sum of the cross-products wiU be large 
the larger the absolute value of the deviations. The case of the 
standard deviation may be recalled; this is expressed in the units 
of the distribution and if the members are large the S.D. is large, 
e.g. the S.D. of the weights of adult males in absolute terms is 

^ Note that the values of AT. are unchanged for al! tfiree sets of values of Y. In la, the high values 
of Y are related to high valuaa of AT; in Ib the reverse. In both cases the value '^xy is large in arith- 
metic or absolute terms. In case 11 there is no pattern about the values of Y in relation to X and 
^xy is a negligible quantity, therefore r would also be very small. The standard deviations of the 
3 distributions of Y given above will, of course, be the same in each case. 

H 
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greater than the S.D. of the weights of adult females; but if 
related to their respective means e.g. as with the coefficient of 
variation, the dispersion of weight among females is greater. For 
similar reasons, in the product-moment formula, the sum of the 
cross-products are related to the standard deviations of the two 
^stflbutions. In effect, the cross-products are ‘standardised’ so 
that the value of r is no longer influenced by the absolute value 
of the factors in the cross-products; note too, that in con- 
sequence the value of r is a coefficient that' has no dimensions. 

Students often complain that they cannot remember the 
formula for calculating the coefficient of correlation. This is 
understandable, but if they remember the basis of the statistic it 
should be possible to work it out. It has been explained that the 
value of r is dependent on the degree to which deviations of x 
and y move in sympathy. As was shown on p.209 if they do not 
correspond, then the sum of the cross-products is small ; if they 
do, then the sum of the cross-products is high. 

On the other hand, the sum of the cross-products may be high 
because the actual values, and therefore the deviations, are Jarge 
in absolute terms, e.g., they may be expressed in pounds instead 
of ounces. Secondly, their sum will tend to be greater, the larger 
the number of pairs of variables there are. Obviously a statistic 
which is affected both by the number .of observations and the 
absolute size of the variates is unsatisfactory. This weakness is 
overcome by relating the sum of the cross-products (sometimes 
called the ‘co-variance’) to (a) the number of paired observa- 
tions, i.e., N and (b) a measure of the actual deviations in both 
variables, i.e., the standard deviations of X and Y. Since both 
the co-variance and the standard deviations are affected by the 
size of the variates in absolute terms, by dividing one into the 
other, this distorting factor is eliminated. If the student reader 
examines the formula for the coefficient in the light of the fore- 
going, he may not need to rely on his memory so much. 

Calculating r using assumed means 

In the second example given below the data are derived from 
a social survey in London. It is proposed to calculate the co- 
efficient of correlation between poverty and overcrowding. For 
the purposes of the survey, poverty was defined as living below a 
prescribed minimum standard, and overcrowding was defined 
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as living more than two persons per room. These definitions are 
unimportant for purposes of the calculation. They are, of course, 
essential for purposes of interpreting the data. The figures for 
poverty and over-crowding, i.e. the variables X and Y, are in the 
nature of percentages, although they are actually expressed per 
200 households. For example, in borough A 17 out of every 200 
households were living in poverty, and 36 were overcrowded. 

Calculation of co-efficient of correlation between Poverty (defined as living 
below given minimum standard) and Overcrowding (defined as more than two 
persons per room) in 12 London boroughs. 


No. per 200 households in 
Borough Poverty(jr) Over- 


A 

17 

crowdedO’) 

3(> 

(A'-x) 

■ 'h 7 

(y-y) 

-hl4 

( x-x)'^ 
49 

(3'-y)“ 

196 

(A-x)(>^-y) 
-f 98 

B 

1.3 

46 

\ 3 

4 24 

9 

576 

4 72 

C 

15 

35 

-4- 5 

4 13 

25 

169 

f- 65 

D 

16 

24 

4 6 

-1- 2 

36 

4 

h 12 

E 

6 

12 

— 4 

— 10 

16 

100 

4 40 

F 

11 

18 

'■ 4- 1 

— 4 

1 

16 

— 4 

G 

14 

27 

- 4 - 4 

-4 5 

16 

25 

4 20 

H 

9 

22 

— I 

0 

1 

0 " 

0 

1 

7 

2 

— 3 

—20 

9 

400 

4 60 

J 

2 

8 

— 8 

—14 

64 

196 

4112 

K 

10 

17 

0 

— 5 

0 

25 

0 

L 

5 

10 

-- 5 

—12 

25 

144 

4 60 

12 

125 

257 

-f 5 

7 

251 

1851 

4535 


Actual means arc 10-42 and 21 *42 but to avoid calculations with such awkward 
figures, we work from assumed means. We select 10 as the mean of x and 22 as the 
mean of y representing these assumed means in the column headings and in the 
formula below, as x and y. The formula in this case is as follows: 


(x— x) jy—y ) — jy—y') 

^ N N X N 

OxCfx 

- (,y ‘ - - - V’?" - (7?)’ - - 

4-5 X 12 4 
_ 44-83 _ 

"" 55-8 ” 


+ 0-80 
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The data are set out in the same way as in the earlier example, 
but the calculation is complicated by the fact that the standard 
deviations and the cross-products are worked not from the true 
means of the two distributions but from assumed means. In 
other words, a correction must be introduced. The student will 
remember the correction required for purposes of calculating 
the standard deviation. It is shown in the example above. The 
correction for the sum of the cross-prodt|cts measured from 
their true means is quite simpl^ The cross-products actually 
given in the final column ot this table are based on the 
deviation^ measitfed from assumed means in each distribution. 
The difference between the and assumed mean for 

both distributions is given in the working, columns 4 and 5. If 
the sum of the cross-products in the last column is divided by N, 
i.e. the number of pairs, we obtain the average product. From 
this we deduct the product of the two errors in the two averages 
or means divided by N^. The result is then equal to the cross- 
products of the deviations as if they had been measured from 
their true means, ^nd the subsequent arithmetic is as in*the 
earlier example. 

The studerit-reader will not have failed to note the con- 
siderable amount of arithmetic squired in the first example on 
page 207. Quite apart from the fact that it contained twenty pairs 
of observed values, there was disproportionately more calcu- 
lation than in the second example. As an exercise the student 
can apply the principles of the second illustration to the first set 
of data. Note, for example, that all the values of x are rounded 
to the nearest £10, similarly the y values are rounded to the 
nearest £5. Instead of taking the true means of x and y, use a 
multiple of 10 and 5 for x and y respectively. For example, take 
£350 and £75 as the assumed means turnover and profit. All the 
deviations of x and y can then be given in multiples of 10 and 5. 
If, as in the illustration of calculating the standard deviation 
from an assumed mean in terms of class intervals given on pages 
1 26, you use deviations in terms of the class intervals, the calcu- 
lations will be much easier. Note that the cross-products will 
be in units of the product of the two class intervals, i.e., £10 X 5. 
If the actual value of the standard deviation for either variable 
were required, it would be necessary to convert the figure 
obtained, by multiplying it by the appropriate class interval. 
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This correction is not required for calculating the coefficient of 
correlation since the sum of the cross-products making up the 
numerator in the formula, and the product of the two standard 
deviations, are both expressed in class-intervals. The answer 
derived from this calculation will be the same as for the more 
detailed method. By performing it, the student reader will ensure 
that he understands the basis of the calculations. 


Calculating r from grouped data 

In the third example, illustrating the calculation of the cor- 
relation coefficient the data are set out in what is known as a 
bivariate table. It will be noted that the pattern of the figures 
over the grids is somewhat similar in appearance to the scatter 
diagram discussed earlier. The data in this example relate to the 
weekly expenditure on accommodation and food of 33 individ- 
uals. All figures are given in shillings. It will be noted that in- 
stead of the discrete distributions employed in the two earlier 
examples, this illustration comprises two grouped frequency 
distributions, one of which is read horizontally, i.e. expenditure 
on food, and the other vertically, i.e. expenditure on accom- 
modation. The layout of the calculation should be studied with 
especial care. The four vertical columns to the side of the table 
and the four horizontal columns below it are the same except 
that those to the right show the calculations for the y values and 
those below for x. The column headed /is nothing more than the 
frequencies derived by cross-adding the frequencies within each 
cell. Thus reading from the right-hand columns, there are 9 cases 
where the expenditure on accommodation is 50s. per week. 
The second column in each case relates to the deviation from the 
assumed mean which is 45s. for x and 55s. for y. As before, these 
assumed means are represented by the symbols x and y, and the 
third and fourth columns in each case arc the sum of the fre- 
quencies and deviations and the deviations squared required to 
compute the difference between the assumed and true mean and 
the standard deviation. Note at the head of each column the 
r^ninder that the deviations are in class-interval units, hence 
we write (^fy — ^y) -h- c.i. 

The calculation of the cross-products is more complex, 
however. As in the two earlier examples, the related pairs of 
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Expenditure Expenditure on Food (x) 

on Accom- (shillings) 

modation 


y 

(shillings) 

10— 

20— 

30— 

40— 

50— 

60— 

/ 

y~y 

c.L 

f(y-y) 

cJ. 

/0';y)’‘ 

c.i. 

20— 





1-a 


1 

—3 

—3 

9 

30— 



I 2 




1 

—2 

—2 

i 

4 i 

j 

40— 


1. 


2o 

4 -, 


f 

—1 

—7 

7 

50— 


5o 


4o 



9 

0 

0 

0 

60— 



1-1 

3o 

2 , 


7 

1 

7 

7 

70— 




2o 



2 

2 

4 

8 

80— 








3 



90— 

4-12 

2-, 





6 

4 

24 

96 


n 

8 


11 

7 

1 

33 


23 

131 : 

X X -hc.f. 

fix — x) 
fix — x)*-~r./. 

1 

—3 

—12 

36 

—2 
—16 1 
32 1 

1 

— 1 

—2 

2 


1 

7 

7 

2 

2 

4 

—21 

81 





v/(x-x)(j>>y) ^ v/ (x-x) X v/(j>-y) 

N N 

Ox OJ' 


Sum of the cross-products, /.e. ZyXJf-xKji’-y); — 3 + 2-f 2 — 4 — I + 2-1- 
2 — 48 — 16 = — 64. 

Z/(v-y ) „ 23 
N "■ 33 

= 0-697 


v/([a'-x) —21 

N "" 33 

= 0-636 




- 3 -969 — 0-485 -= v' 2-454 — 0-405 

- 1-87 -- 1-43 

by substitution we get — (0-697) ( — 0-636) — 1 -94 -|- 0-44 

— 1-5 —1-5 


— 1 5. 


1-43 X 1-87 


2-67 


_ 0-56 
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deviations must be multiplied together; but whereas in the earlier 
examples there was only one of each pair, in the present example 
there are more than one in several cases. For example, in the 
bottom left-hand corner of the grid it will be seen that there are 
four cases in which the expenditure on accommodation is 90s 
and over, while the expenditure on food is between 10s and 19s. 
The deviations corresponding to this item are + 4 and — 3. 
These wUl be found in the second columns of the calculations 
beside and below the grid respectively. The product of — 3 and 
4, i.e. the deviations equal to — 12, is inserted in the corner of 
the cell containing the four cases. In the adjacent cell, which 
shows that there are two cases where the expenditure on accom- 
modation ranges from 90s. while expenditure on food is 20s. 
and over, the appropriate deviations are — 2 and + 4, so that 
— 8, i.e. the product of these deviations, is inserted in the 
corner of this cell. This is done for each cell which contains a 
frequency. It will be noted, however, that all the cells opposite 
the classes containing the assumed means, 40 — in the case of 
food and 50 — in the case of accommodation, have for obvious 
reasons a product equal to zero. 

The next stage is then to multiply the cross-products of the 
deviations inserted in these cells by the frequency within that 
cell, due regard being paid to signs. This is done at the foot of 
the table, each product being set out individually, yielding in this 
case a net sum of — 64. Very often the products of the cell 
frequency and the deviation product are inserted in the cell in 
the opposite corner to that containing the product of the devia- 
tions. This practice can be confusing for the student and entails 
a double lot of writing since the products have to be summed 
separately. The student should work these stages through by 
himself with the example, checking that he fully understands 
what has been done. The remainder of the calculation is then 
similar to that in our second example. A correction is required 
for the fact that the cross-products and standard deviations have 
both been measured from assumed means. As in the second 
example, the sum of the cross-products, i.e. — 64, is average 
over the 33 pairs, and the product of the differences between the 
assumed and true means of x and y respectively deducted from 
the average cross-product. That value is then divided by the 
products of the two standard deviations. 
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The Significance of r 

Correlation analysis has been applied to data from most 
scientific fields. It has been used to determine the relationship 
between crop yields and variations in the application of ferti- 
lisers; the level of fatstock prices and its relatjpiT'to the cost of 
feeding-stuffs. Engineers and chemists employ correlation to 
determine the extent to which properties of their products are 
affected by variations in the produfctlon processes. Its use has 
been extended to psychological tests desigiied to measure apti- 
tude for particular types of work; e.g., accident proneness and 
temperament. It is largely for this reason, namely the widespread 
and frequent references to results derived from correlation 
analysis, that the topic is discussed in this elementary text. In 
practice, the analysis is complicated by other than the purely 
statistical problems of technique. 

In common with most statistical techniques, correlation 
analysis is usually employed on samples. Thps r, like other statis- 
tics derived from samples, must be examined to see how far the 
results may be generalised for the population from whiclwthe 
sample was drawn. Significance tests have also been evolved 
for the correlation coefficient. These lie beyond the scope of an 
elementary text, not because they are difficult to compu|p, but 
simply because, like correlation'analysis itself, the technique has 
to be employed with great care and the interpretation of the 
data, as well as the results, demands a skill and knowledge of 
the field of enquiry only possessed by the expert. The value of 
correlation analysis is underlined by the variety of fields in which 
it finds application, but at all times it is essential to consider the 
data and ask ‘what is the nature of the relationship measured 
by the coefficient?’ 

In the illustrative examples given above, the samples were 
extremely small, although in our final example, which con- 
tained 33 paired observations, it may be conceded in theory at 
least that this is a large sample. The most difficulj^problem is to 
interpret the value of the correlation coefficient. Thus the fact 
that in our final example the correlation coefficient was — 0-5 
might, since r falls considerably short of unity, lead the reader 
to assume that the correlation between the two types of outlay is 
negligible. Unfortunately it is not possible to interpret the cor- 
relation in this way. It is not possible, for example, to say that a 
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value of r equal to 0*9 is very high and more significant than one 
equal to 0-8 since it will depend upon the size of the sample used. 
Nor should too much be read into the coefficient. In the first 
example, which showed the relationship between the turnover 
and profit margin, it is apparent and reasonable to assume that 
these two variables art* that the margin is pre- 

sumably dependent upon turnover, 7.e. the relationship i^g au salr- 
..35ie coefficient of correlation tells us nothing about t ha natu re of 
the relationship; it merely indicates its existence. It is for the 
statistician to interpret it and deduce its nature and significance. 
It is in this respect that regression is so useful, since it defines in 
exact terms the relationship between the two variables. In the 
second example, the correlation coefficient of + 0-8 suggests a 
significant relationship between poverty and overcrowding 
which is probably causal too, i.e. people are overcrowded 
because they are poor. At all times, however, one must beware 
of drawing dogmatic conclusions from limited data. 

One final use of correlation analysis may be mentioned. 
Generally speaking, the square of the value of r may be regarded 
as the percentage of the variation in.Y directly attributable to 
changes in X. Thus, as far as the first illustration is concerned, 
approximately 81 per cent of the variation in Y is explained by 
variations in X. This figure is known as the ‘explained variance’, 
while the balance of 19 per cent is termed the ‘unexplained vari- 
ance’. This means that as far as the available data are con- 
cerned, no precise explanation of the cause of 19 per cent of the 
variation is given. It may be attributable to any or many of 
several causes.' 

Rank Coirelation 

The methods of correlation that have so far been demon- 
strated have all been concerned with the measurement of the 
relationship between series of numerical values. It is possible, 
however, to mjpafiure the degree of correlation between two sets 
of observatiqhs or between paired values when only the relative 
order of ma^tude is available for each series. For example, 
suppose a group of students sat two papers in an examination 
and instead of the actual marks awarded on each paper they 

^ For the interested reader with some knowledge of algebra, the H.M.S.O. publication 'Industrial 
Exf^rimentation', 4th Edition by K. A. Brownlee, provides a full account of correlation analysis and 
variance analysis in industrial research. 



218 


STATISTICS 


were told only their ranking in order of merit. If it was desired to 
establish whether the performances on the two papers were cor- 
related or not the method of rank correlation could be used. 

The coefficient of rank correlation is given by Spearman’s 
formula : 



where d is the numerical difference between corresponding pairs 
of ranks and n the number of pairs. In the following example, 
ten students are ranked in order of merit on two examination 
papers in French and Latin. 


Student 

Rank in 
French 

Rank in 
Latin 

d 


A 

1 

3 

2 

4 

B 

2 

2 

0 

0 

C 

3 

1 

2 

4 

D 

4 

6 

2 

4 

E 

5 

5 

0 

0 

K 

6 

8 

2 

4 

Cl 

7 

4 


9 

H 

8 

10 


4 

I 

9 

7 


4 

J 

10 

9 

1 

1 


1 

/ 

1 

34 


Substituting the values derived from the above table in 
Spearman’s formula 

which suggests quite a strong relationship between performance 
in the two papers. 

As well as in the type of problem just illustrated the coefficient 
of rank correlation may be calculated for series of qualitative 
instead of quantitative data, e.g., colour of hair and intensity of 
emotion measured on a non-numerical scale, or any attribute 
which cannot be measured numerically. Similarly we could 
calculate the coefficient of rank correlation for any group of 
paired observations even if they were numerical values, e.g., 
marks instead of placings in an examination, and the normal 
coefficient of correlation could be calculated by the product 
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moment formula shown earlier. Significanibe tests for rank cor- 
relation do exist, but they are not relevant in this elementary 
text. 

As with all the techniques described so far, correlation analy- 
sis has no value for its own sake. It is useful solely because, if 
properly used, it permits theories and hypotheses to be verified 
or rejected on the basis of empirical evidence. At all times it must 
be remembered that such specialised tools may easily be mis- 
applied and give misleading results. 


NOTE TO CHAPTER XII 


Calculation of Regression Lines 

The line of regression of y upon x is given by the equation 
y — a bx if: the relationship between y and x is linear. We 
need to determine the value of the two constants a and b. It is 
known that when xhas its average value, the best estimate of the 
corresponding value of y is its own mean. Thus, we have two 
values for the above equation, jc = 363 and y = 72. 

The value for b, which gives the slope of the regression line, is 

derived from the equation 6 where x and jv are the devia- 

tions of individual values of x and j^from their respective means.' 
The numerator requires the deviations for each pair of x and y 
values to be multiplied together and their products added. This 
is done in col. 6 of the table below. The denominator in the 
above equation is the sum of all the squared deviations of x 
values from their mean - as given in column 5. This is done in 
the same way as if we were proposing to calculate the standard 
deviation of the series of x values. 

.r I. l 53,780 

Thus if o = then b = 254^0 

We now have three of the four values in the equation y a -f- 
bx, i.e., X — 363, y = 12 and b =-0-2115. The fourth value a is 
easily derived: 

72 == a 0-2115(363) 

72 = a + 76-8 .-. a = -^-8 

Therefore, the complete regression equation of on x as 
drawn in Figure 19B reads: y' = — 4-8 + 0-2115 (x). The y' 

* Or in ihc alternative notation at the top of the eoltirnn? on pa^e 207» 2 (■* “ j^) (y • P) 


0-2115. 
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symbol indicates that this value of >> is a calculated or predicted 
value, using diis equation. 

We can test the equation by substituting some of the known 
values of jc, e.g. 200, and compare the predicted value of y, 
which is 37-5 when x = 200, compared with an observed value 
of 35. Thus the correspondence is quite close, as we would 
expect when the value of r is so high. It is possible to calculate 
the standard deviation of the differences bel^een the observed 
and predicted values of y for given values of x, and thereby 
estimate the standard error, i.e., the extent to which such dif- 
ferences arise from random sampling errors, but this lies beyond 
the scope of our present study. 

Just as we have calculated the regression line of y upon x, we 
can calculate the line of x upon y. In this case, the value of b is 

2 XV 

given by the equation h ^ ^ j . The calculation of is given 

in column 7 below and the student can repeat the calculations 
given above to obtain the regression equation of x upoi^j^. 
The answer is x — 36- 1 + 4-53y. 


X 

(1) 

y 

(2) 

(x-x) \ 

(3) ! 

<y-P) 

(4) '■ ! 

{x-xy j 
(5) 1 

(x -x) X 

(y-y) 

(6) 

&-y)* 

(7) 

150 

30 

-^213 ; 

— 42 

45,369 

8,946 

1,764 

200 

35 

—163 

— 37 

26,569 

6,031 

1,369 

210 

40 

—153 

— 32 

23,409 

4,896 

1,024 

230 

45 

— 133 

— 27 

17,689 

3,591 

729 

260 

50 

- 103 

— 22 i 

10,609 

2,266 

484 

280 

50 

— 83 

- 22 

6,889 

1,826 

484 

300 

60 

— 63 

— 12 ' 

3,969 

756 

144 

320 

65 

— 43 

— 7 • 

1,849 

301 

49 

350 

70 

— 13 

— 2 

169 

26 

4 

370 

70 

-f 7 

— 2 

49 

1 — 14 

4 

380 

80 

+ 17 

8 : 

289 

i 136 

64 

400 

75 

-1- 37 

-h 3 1 

1,369 

111 

9 

410 

85 

-f- 47 

4- 13 ! 

2,209 

611 

169 

430 

90 i 

-4- 67 1 

4- 18 ! 

4,489 1 

1,206 

324 

460 

100 1 

-i- 97 1 

4- 28 ; 

9,409 1 

1 2,716 

784 

470 

80 

-hl07 ! 

4- 8 ! 

11,449 i 

856 

64 

480 

90 

Min 

4- 18 

13,689 

: 2,106 

324 

500 

100 

-1-137 

4- 28 

18,769 

1 3,836 

784 

520 

110 

4-157 

4- 38 

24,649 

5,966 

1,444 

540 

115 

4-177 

-i- 43 

31,329 

7,611 

1,849 

Jc = 363 

i! 

0 

! 0 i 

254,220 

53,780 

. 11,870 


In the foregoing example it was possible to work out the value 
of b from the true means of x and y. This is not always the case 
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and just as when calculating the mean or the standard deviation 
we may have to work from assumed means, so it is possible to 
derive the regression equations by working from assumed means. 
In such a case, the formula for b for the line of y on x reads 




2xs 


N 


The corrections 




N 


and 


N 


are really 


the same as we should use when calculating the standard 
deviations of x and y. Space does not allow us to show all the 
details, but if the data given in the table were re-calculated taking 
as the assumed mean of x 350 and of y 75, then the total line at 
the bottom of the table would read as follows : 


; 2(-< - X) 1 'Ziy - y) . ZXx - x)® . ZXx ) O- - y) i SO’ - y)* | 

+ 260 I — 60 i 257,600 53,000 ! 12,050 ! 

I ' ' 

Substituting in the above equation for h, we get: 

53,000 — (260) (-60) 
b = - " - 0 2115 

257,600 — 


Since we are working from assumed means a further correction 
is required to derive the regression equation : 

y _ _P = b(X - .f) 

y _ 72 - 0-21 15(x - 363) 

y= 72 + 0-211 5x- 76-8 
y = -4-8 -f 0*21 15x (as on p.219.) 


^ As before we are using x and ,v to represent individual values of each variable, with x and y 
representing the assumed means of the two variables. 



CHAPTER XIII 


SAMPLE SURVEYS 

Definition 

To the layman a sample survey may appear to be an inferior 
substitute for a census. Reasons for not taking a census may be 
that the population in question is too large and the census would 
take too long and would be too expensive. In some cases, how- 
ever, the sample sur vey mav . be preferable to the census, not 
merely on account bf the lower cost and greater speed with 
which results are made available, but because it is superior to 
the census for the particular enquiry. The Director of the Social 
Survey has defined a sample survey as a method of collecting 
detailed information relating to representative groups under con- 
trolled conditions.^ This particular definition brings out all its 
main features. The outstanding advantage of such a survey 
over the census lies in the fact that it is practicable to colTect 
much more detailed information from a relatively“small humber 
of people than from a large number. The former method permits 
the use of trained interviewers who can elicit a great deal of 
detailed information not merely of a factual nature, but also 
opinions. The census is only satisfactory for collecting factual 
data and even in that case some of the information received must 
be regarded as distinctly doubtful in terms of its accuracy. 

The definition emphasises that the sample is representative, a 
fact which is all too often taken for granted. In theory, however 
representative it may be, it is still inferior to the 100 per cent 
enumeration of all the population units which is implied in the 
t^TO ‘census’. In practice, however, no census covering a popula- 
tion of any size at all, is 100 per cent complete. For example, as 
was cited earlier, the Register of Electors in this country appears 
to have a deficiency of 4 per cent due to non- registration. The 
U.S. Bureau of the Census has carried out a series of investiga- 
itons to test the reliability of data assembled from its 1950 
population census which reveal quite substantial ‘under-counts’ 

^ The Scope of Sample Surveys, L. Moss. Read before the Conference on Modern Sample Survey 
Methods, organised by the Association of Incorporated Statisticians, December 1953. This, to- 
gether with the other papers read before the conference, has been published by the Association in 
booklet form. 


222 



SAMPLE SURVEYS 


223 


and deficiencies for certain groups within the population. Clearly 
this type of problem is much more serious in a country so great 
in area and so diversified in race, education and language as the 
United States. But to a lesser degree the problem is present in 
any census. Lastly, the survey has the merit that the information 
is collected under what Mr Moss. has^eaUed ‘controlled’ condi- 
tions. It is difficult, he stales,*^‘to “exercise close control at the 
critical pojiif, the point when the informant’s information is put 
down on the questionnaire or schedule.’ Even when the census 
authorities use enumerators (few of whom can be really well 
trained in the work) to collect the forms and where necessary 
hejp the respondent to complete them, this weakness is very 
.-S^ous in any large censuSj_With-R-sample survey covering at 
most a few thousand informants, it becomes possible to employ 
skilled investigators. They can explain the purpose of the survey 
to the respondent and ensure that each question is correctly put 
and understood. 

It is for such reasons that the sample survey has come into 
prominence for its own merits rather than as an inferior sub- 
stitute for the infrequent and cumbersome census. As Mr Moss 
has pointed out, ‘experience seems to show that it is wrong to 
assume that a census must automatically be more correct than a 
sample’. Indeed, American experience suggests that the only 
method for testing the reliability of census data is a properly 
designed sample survey! 

Development of Surveys 

The enumeration of populations by means of a census is 
centuries old; the Egyptians and Romans both carried out 
censuses for fiscal and military purposes. The sample survey, 
however, is of quite recent origin. It is, nevertheless, customary 
to start any history thereof with the great social enquiry of 
Charles Booth entitled ‘Labour and Life of the People of 
London’ which filled 1 7 volumes and took more than a decade 
to complete. A few years after Booth had published his mmn 
findings, Seebohm Rowntree carried out his enquiry into 
poverty among the working classes of York. This was published 
in 1901 under the title ‘Poverty: A Study in Town Life’. Neither 
of these pioneer enquiries could be described as sample surveys. 
They were virtual censuses of the relevant populations. In 
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Booth’s case the population was the working class family with 
children of school age. For Rowntree it was all working class 
families, the latter being defined as households where no 
domestic help was kept! 

The first survey based upon a random sample of the popu- 
lation was carried out in 1912 by the late Professor Bowley in 
Reading. Like his great predecessors, he was concerned to 
measure the incidence of poverty among the working classes. He 
incorporated Rowntree’s device of measuring the incidence of 
poverty by reference to a minimum living standard, but in place 
of a census used a one in twenty sample of addresses taken 
systematically from a street directory. With the growth of un- 
employment after the war, surveys into poverty were undertaken 
in many cities. The best known are those in London by Professor 
Bowley and his assistants from the London School of Economics 
and that on Merseyside prepared by Caradog Jones of the 
University of Liverpool. It was not until the later 1930’s that 
the public became at all aware of the growing use of sample 
surveys. Their attention to this subject was attracted by "the 
well-publicised public opinion polls which had established a 
considerable reputation in the United States. One or two com- 
mercial agencies were also beginning to adapt the technique 
for market and consumer researai purposes. On the outbreak of 
the war, the Central Office of Information created the Wartime 
Social Survey. 

The Social Survey, as it is now called, is still in being and is 
contributing much to the development of the techniques used in 
sample survey work. Originally it was employed by various 
government departments on ad hoc surveys to learn what the 
public felt about certain issues, e.g., clothes and fuel rationing. 
After the war, it carried out surveys into labour problems, e.g. 
why recruitment to the nursing profession was so poor and why 
miners were leaving the mines. More recently it assisted with the 
survey of savings carried out by the 0.\ford Institute of Statistics 
and the large-scale Ministry of Labour Enquiry into Household 
Expenditure which provided the basis for the new cost of Uving 
index. Many of the reports prepared by the Social Survey, 
particularly those of recent years, are confidential and have not 
been published. Those that are available in libraries, however, 
are models of their kind and the student cannot do better thap 
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study them if he wishes to understand survey techniques. Of 
particular value are the periodic articles and papers from mem- 
bers of the Social Survey’s staff which have appeared in the 
learned journals.^ 

Among other well-known survey bodies are the B.B.C. 
Audience Research Department and the British Institute of 
Public Opinion, better known to newspaper readers as the ‘Gall- 
up Poll’. Both these bodies use quota sampling in their surveys. 
The B.B.C. Audience Research uses part-time interviewers for 
ascertaining public reaction to both the T.V. and sound broad- 
casts. Approximately 3,000 people in the seven B.B.C. regions 
are interviewed each day and asked what programmes they heard 
or viewed the previous day. The results are not made public 
but are circulated within the Corporation in the ‘Audience 
Barometer’ for the benefit of programme advisers and others. 
In addition to the field work by interviewers, who only work for 
about three weeks at any one time since the work tends to 
become both tiring and boring after a while, the B.B.C. main- 
tains separate panels for sound and T.V. comprising nearly 5,000 
households and individuals. The composition of the panels 
reflects the socio-economic structure of the population. There is 
no difficulty in obtaining new recruits for these panels, either 
sound or T.V. Neither panel, however, can be regarded as fully 
representative of the listening or viewing public, since only those 
really interested in viewing or listening will take the trouble to 
volunteer and provide the information required. There is also 
the problem common to any panel, that its members become 
‘conditioned’ and cease to be representative of the general 
population. 

Stages in the Survey 

Most surveys are designed to assess individual views on cur- 
rent political economic and social issues ; they have in common 
a carefully designed schedule of questions and intensive inter- 
viewing. Different types of schedule jsaU-be-employed for various 
types of enquiry, just as the sample may differ. The basic pattern, 
however, of all suiweys may be described quite briefly. Without 
some understanding of the principles and problems of survey 
work an adequate assessment of survey data and results is hardly 

1 Some references are given in this chapter. 
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possible. As a start it is sufficient merely to detail the successive 

stages in such a survey. 

1. The first stage may be described as providing an answer to 
the question ‘what is the problem under review and how may 
the survey help ?’ This cannot be answered without a detailed 
study of all the facts. The organiser may have to spend a long 
period immersing himself in the subject and learning just 
what his client’s needs really are. The maximum information 
must be derived for a given cost. Not merely must the 
information be relevant to the enquiry Kut it is important to 

'avoid the situation whi^ can so easily arise at the end of a 
survey, when it becomes clear that it would have been helpful 
if only some additional data had been.collccted on a particular 
point. All this can only be achieved by the most careful 
^consideration of all the facts; too much time cannot be spent 
on these initial stages if time and money are to be spent to 
the best advantage. Such observations may appear somewhat 
trite and obvious; it is neverthele5>s surprising how often it is 
the obvious which is overlooked! 

2. How is the information to be obtained? The two main 
methods are the postal enquiry and the survey employing 
interviewers. The merits ^f each are discussed below. 

3. The preparation of the schedule of questions and instructions 
for their completion. A badly designed questionnaire may 
ruin an otherwise well conducted survey. If machine tabula- 
tion is employed the answers to the individual questions in 

/the schedules will have to be coded. It may seem premature 
to discuss tabulation at this stage, but the main tabulations, 
particularly those which are to bring out the inter-relation- 
ships between different characteristics of the sample units, 
should be carefully prepared at the outset. This ensures that 
there is no danger of omitting to ask for information which 
will be needed. Information is sometimes required from a 
particular section or sections of the sample which may con- 
tain relatively few unitsTWith so small a sub-sample it would 
be impossible to obtain the necessary degree of precision in 
the results. The size of the sample will have to be increased or 
special steps taken to increase the number of units in 
the particular sub-sample. Such a point could easily be 
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overlooked in the initial stages of the survey unless all the 
analyses of the final data are considered in advance. 

4. The sample selected must be of such size and composition 
that it will yield the most reliable results for a given expendi- 
JUf!^f interviewers are to be employed, where the sampling 
is random or systematic, ‘substitutes’ may sometimes be 
drawn in the same way. If quota sampling is to be used, suit- 
able quota sheets and instructions for classifying respondents 
are necessary. 

5. The preparations having proceeded so far it may be advisable 
to test the schedule of questions by a pilot survey, which is a 
survey in miniature. The number interviewed is unimportant, 
but the respondents are selected at random. Usually the more 
experienced interviewers are engaged on this pilot survey, 
since they are capable of assessing the weaknesses of the 
approach or any questions on the schedule. The results are 
not so important in themselves as are the lessons learnecU' 
Tl is not always possible to carry out a pilot survey, although 
it is desirable. The reasons for its omission may be financial 
or, more often, simply a question of time. Usually, if the 
organisation has had a wide experience of similar surveys, 
e.g., the same survey was carried out, say, eighteen months 
ago, then clearly the pilot survey may be dispensed with. 

6. Before the field work starts a briefing conference for the 
interviewers is normally held. Any difficulties met and the 
lessons learned in the pilot survey are examined and a course 
of action laid down for specified circumstances. The inter- 
viewers will have been issued with their instructions and care 
should be taken to ensure that they fully understand them. 

7. Soon after the field work begins, completed schedules will 
be^n to pour into the office. The schedules should be edited 
for omissions and any obvious mistakes such as inconsisten- 
cies in the replies entered. When necessary, the area or- 
ganisers may check back on the respondent. 

8. If the information is transferred to punched cards, the tabu- 
lation may be rapidly completed by machine. The questions 
should have been coded in advance for this purpose. The 
classification of answers which are not of the simple ‘Yes/No’ 
or ‘once a week/more often’ variety, but may be expressions 
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of opinion, will require careful consideration and super- 
vision. The data once assembled, the report on the survey 
may be prepared. Usually several people will discuss the 
results together to ensure that all aspects ofthe information 
are brought out and correctly interprej^ejK 
These, then, are the main stages of any survey. Because each 
stage has been dealt with separately, it should not be imagined 
that each is independent of the others. Each survey must be 
considered in its entirety. At every stage} what has gone before, 
or what is to be done later, must influence the design of the sur- 
vey. For example, the type of information sought will largely 
decide whether the postal or personal enquiry method is used, 
while the type of respondent will influence the design of the 
questionnaire. 

Problems can arise all along the line, but if a survey is really 
well planned many diflicullies may be anticipated and provision 
made accordingly. For example, interview's may be required to 
classify their respondents by social c\i^ Unless a method of 
classification suitable for the survey is determined in ^vance 
and the interviewers instructed in its application, part of the 
data may be valueless. Different interviewers will assess individ- 
ual respondents by different standards, w’ith obvious results. It 
was precisely this type of problem which has led to the loss of 
much useful information from the National Farm Survey carried 
out in 1942. Part of the schedule required an evaluation of the 
quality of the farm holding by layout, type of farming and condi- 
tion of buildings. Unfortunately, the interviewers available were 
inexperienced in survey work. TTiey were normally employed by 
the County War Agricultural Committees and were usually local 
men. Consequently, they assessed the holdings for the purposes 
of these questions in the light of their local knowledge. The 
result has been that the data are most unreliable for inter-county 
comparisons, although they are probably satisfactory for pro- 
viding a local view of farming in the individual counties.^ 

The quality of the data derived from any survey rests largely 
on the efficiency of the work at three stages. The first is the 
selection of the sample. If this is unsatisfactory, then clearly no 
reliable conclusions may be drawn about the population from 
which the sample was taken. Secondly, the design of the schedule 

I National Farm Survey of England and Wales, H.M.S.O., 1946, para. 8. A copy of the schedule 

used in that enquiry ia reproduced on p. 30 
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of questions requires careful thought. Since few respondents 
appreciate the full implications of any lengthy question, the 
questions must be such that only one interpretation is possible. 
Finally, the all-important task of interviewing. As will be seen, 
more mistakes may creep into the results at this stage than any 
other. The remainder of this chapter will be devoted to these 
three basic problems in survey work. 

The Sample 

Generally speaking the object of a sample survey is to learn 
something about the population. If the sample is truly random 
then, as has been pointed out earlier, certain conclusions regard- 
ing the population may be inferred from the evidence of the 
sample statistics. If llie sample is, for whatever reason, un- 
representative of the population from which it was drawn, then 
the sample results cannot be generalised with any confidence to 
the population. Mr Moss in his paper quoted above, gave two 
illustrations of the significance of ensuring that the sample is 
representative. In 1946 a government committee studying the 
problem of shop closing hours requested a sample survey to 
assess public opinion on the matter. Evidence already submitted 
by interested parties had suggested that a certain change would 
affect only a minority of the public. The survey revealed that this 
was true, but it also revealed that this minority comprised mainly 
working housewives who at the time constituted an important 
part of the labour force. Without the survey this highly impor- 
tant piece of information would never have come to the notice 
of the committee. In the United Stales much publicity has been 
accorded to Dr Kinsey's studies of the sexual behaviour of 
human beings, in particular the recent report on the human 
female. As Dr Kinsey himself has emphasised, the sample of 
informants was for obvious reasons largely self-selected, i.e. 
volunteers only. When the composition of the sample is com- 
pared with the entire American female population over 14 years 
of age, it emerges that Dr Kinsey’s sample is seriously over- 
weighted with the younger married woman who has had the 
benefits of a college education. In other words, the report may be 
a fair summary of the behaviour of this particular group of 
American women, but no inferences regarding the female pop- 
ulation at large can be drawn from it. As is so often the case 
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when a sample survey attracts publicity, the warnings of the 
organisers tend to be overlooked. 

One of the weaknesses of random sampling is the fact that not 
every member of the sample can be contacted, or if contacted by 
the interviewer may not be willing to answer the questions put to 
him. This question of ‘non-response’ is met in quota samples by 
the simple expedient of seeking out additional suitable respon- 
dents, /.£., those who correspond to the interviewer’s list or 
quota of respondents, until such time as the interviewer’s quota 
is complete. This policy does not really solve the question of 
‘non-response’ ; it merely ensures that the same number of inter- 
views are made as were intended when the sample was designed. 
The ‘non-cooperating’ members of the public whom the inter- 
viewer sought to interview may, however, form a particular 
group which will as a result of non-response be under- 
represented in the sample. If this is the case, then the sample is 
biased or incomplete and the results of the survey to that extent 
cannot reflect the true position. The problem of non-response 
with random samples in which the interviewer is given » list of 
names and addresses is at all times serious. The experience of the 
Social Survey is that in a survey of adults the chances that an 
interviewer will find the respondent at home on her first call are 
about one in three. If the respondent is not available, then a 
further visit is necessary. Experience shows that a maximum of 
three calls is the economic limit. Admittedly, continuous 
attempts to establish contact wll produce a larger proportion of 
effective interviews out of the sample, but the improved results 
are of disproportionate value to the efforts involved. Hence, the 
Social Survey instruct their interviewers to make a maximum of 
three calls at any one address to find the prospective respondent. 
Until a few years ago the Social Survey interviewers were given 
lists of ‘random’ substitutes in the event that contact with any 
address in their first list of interviews was impossible; for 
example, because the person had either died or moved out of 
the district. This practice of substitution has long been aban- 
doned, for as was pointed out above with quota interviewing, its 
only merit is to ensure that the interviewer carries out the 
required ntanber of interviews. Nowadays the emphasis is placed 
on the need to obtain a satisfactory interview with the selected 
individual. No substitutes are provided, but the interviewer is 
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required to make a note of all failures and unsatisfactory inter- 
views so that these ‘non-respondents' can to some extent be 
classified. The object of such a policy is to endeavour to judge 
whether the non-respondents are merely a sub-sample of the 
main sample, in which case the only drawback is that the statis- 
tician will have a smaller sample than he had hoped for, and his 
results will be to that extent less precise. 

The real danger is that the non-respondents will form a par- 
ticular group which in consequence of the non-response will be 
under-represented in the sample. If some means of classifying 
these non-respondents can be found, then this risk can be re- 
duced. For example, suppose a sample of households has been 
interviewed and it appears that 40 per cent of the households 
have no children in them. It is known from the census data that 
57 per cent of all households are childless and it is clear that 
this sample is deficient in such households. Therefore the views 
of such households will not be given their due weight in the final 
analysis. The probable explanation of this deficiency is that in 
childless households all the adults go out to work and when the 
interviewers called they received no reply. They may have been 
slack about call-backs and in consequence an insufficient number 
of such households have been interviewed. It is for such reasons 
that classificatory questions are introduced into the schedule; 
for example, the number of children, size of income, occupation, 
daily newspaper read, among others.^ The distribution of the 
population in respect of certain such characteristics is known 
and the sample should correspond with the population. 

The value of such classificatory questions is largely attributable 
to the wealth of information collected in the decennial census of 
population. These data can be supplemented and in some cases 
kept up to date by reference to the annual reviews of the 
Registrar General.* Thus the conventional classificatory ques- 
tions relate to age, sex and region, the replies to which can then 
be compared with the official data for the population as a whole. 
In the I.P.A. Readership Survey the replies to a number of other 
questions in the schedule, which were of interest in themselves, 
could also be used to test whether or not the sample was repre- 
sentative. Thus, replies to a question asking at what age the 

1 See the classification schedule abbreviated on page 245 and the opening section of the schedule 
on p. 238. 

See Chapter XV. 
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Te^iondent’s full-time education ceased were compared with the 
information derived from a similar question in the 19S1 census 
of population. Additional questions relating to the ownership of 
a car, a T.V. set, telqihone and refrigerator also provided further 
checks upon the sample. Car ownership admitted or claimed 
could be verified against the national figures prepared by the 
Ministry of Transport; while cinema attendances are compared 
with the data published each quarter by the Board of Trade. The 
check data in respect of T.V. ownership^ were provided by the 
results of an earlier enquiry carried out by the B.B.C. Audience 
Research department, and that relating to the ownership of 
refrigerator by a survey conducted by the Odhams Press research 
unit. Obviously there is a limit to the number of classificatory 
questions that can be inserted in a schedule but the more ‘con- 
trol’ questions that there are, the better. American research has 
shown that apparently satisfactory results sometimes emerge 
when a sample is compared with one type of control, but when 
other control data are used, the sample is deficient. In other 
words, the more cross-checks on the sample composition the 
better, and it is desirable that the checks themselves should be 
independent of one another. 

An interesting illustration of measuring the extent of non- 
response and making allowance for it is provided by the 1946 
Family Census. This enquiry covered a sample of over !•? 
million married women. When the returns were checked there 
was a deficiency of some 17 per cent and it was suspected that 
among this group, childless w'omen were in the majority. This 
was an especially important group in what was really a study of 
human fertility. Follow-up letters asking the ‘non-respondents’ 
to co-operate produced a proportion of replies and from these it 
was clear that the suspicion was fully justified. In the results, the 
figures for childless married women were adjusted in the li^t of 
this knowledge. 

The control and measurement of non-response remains 
among the more intractable problems of survey organisers. The 
solution is to be found partly in first-class interviewing with 
well-designed schedules of reasonable length and partly in 
checking, as above, on the non-respondents so that allowance 
for their omission from the sample can be made. This should not 
be read as implying tliat the organisers guess the facts about 
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them. It means that the answers given by respondents who 
appear to be similar - as far as they can be compared by refer- 
en^ to certain classificatory data -can be proportionately 
weighted in the final analysis. Because of the danger that non- 
response may introduce bias into the sample, it is far better to 
use a smaller sample in which interviewers are expert and can 
ensure accurate replies as well as a very high response rate, 
rather than a much larger sample with poorer interviewing and 
a lower response rate. Even if the latter sample yields a larger 
number of interviews, the bias may lead to erroneous conclusions. 

The results of two important surveys in respect of the pro- 
portion of the sample successfully interviewed will illustrate the 
type of problem that the organisers have to deal with. In the 1957 
I.P.A. national readership survey which was based upon a 
random sample of individuals whose names and addresses were 
taken from the Electoral Register, the proportion of successful 
interviews was 78 per cent of the original sample drawn. This 
consisted of 12,160 names but of this number 1,332 had either 
died, moved away, or the premises at the address were empty or 
demolished. Effectively the interviewers had to contend with 
10,828 available respondents and of this number another 1,339 
proved to be failures. Almost half of them refused to be inter- 
viewed, one-third of them were out on each of three or more calls 
and about one-sixth of their number were either sick, senile or 
otherwise un-interviewable. The effective sample of 78 per cent 
was analysed by regions and by age, the results being weighted to 
adjust for any under-representation.^ The other survey is of 
interest because it followed what might be an extremely unwise 
procedure. In the Household Expenditure Enquiry of 1953/4 the 
information required of all members of households was a 
detailed analysis of their expenditure over a three-week period. 
From experience with the recent National Food Surveys it was 
anticipated that the refusal rate in the sample would be high ; a 
rate of 60 per cent was considered likely. For purposes of the 
survey it was considered that a sample of 8,000 effective inter- 
views and completed budgets would suffice, and on the basis Of 
an expected 40 per cent response some 20,000 households were 
selected as the sample. In the event, about 65 per cent, Le., some 

1 Both the 1957 and 195^ editions of the I.P.A. National Readership Surveys are described in 
extremely clear and detailed explanatory memoranda which set out the sample, schedule of ques- 
tions and interviewer instructions. 
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13,000 households co-operated. The important point to note is 
that the organisers of the survey would have to check the com- 
position of their effective sample of replies very carefully against 
the known make-up of the population to ensure that it was fully 
representative. Furthermore, those households which co- 
operated might have rather different expenditure and consump- 
tion habits from those who refused to cooperate. In the event, 
the Cost of Living Advisory Committee which was responsible 
for the survey declared that the sample of some 1 2,900 returns, 
which they had used for constructing the new Index of Retail 
Prices, could be regarded as fully representative of households 
in this country.^ 

Designing the Questionnaire 

The questionnaire or schedule of questions may be described 
as the keystone of any survey. The basic problem is not so much 
what questions to ask, but what is the best way to ask them. 
According to two members of the Social Survey, ‘the problem is 
... to design questions that mean the same thing, a single thing, 
a defined thing and the intended thing, to everyone’.® As a 
general rule, questions should be short; lengthy questions tend 
merely to confuse the respondent. The interviewers should be 
instructed as to whether they may depart from the form of the 
question as written on the schedule. Usually, the question has 
l^en carefully considered and the final form is probably the best 
possible whereas the interviewer’s alternative may lead to 
erroneous interpretation of its meaning. An obvious case is to 
avoid mentioning proprietary brands when engaged on a market 
survey. The replies to the question ‘What do you consider the 
best wireless set costing less than £20 ?’ will be very different in 
the aggregate from those received if the interviewer had asked, 

‘Do you consider the radio the best set costing less than 

£20?' The mere mention of a name, or the hint of the exact pur- 
pose of the enquiry, is generally sufficient to influence the 
respondent. Even the interviewers should not know which organ- 
isation is paying for a survey to determine consumer preferences 
among such products as detergents, newspapers or soft drinks. 

' For an interesting account of this survey see ‘The Repoii of an Enquiry into Household Expen- 
diture in 19S3/4, prepared bv the Ministry of Labour and published by H.M. Stationery Oflice, 1957 

^ Fottaergill and Willcoc^, 'Interviewers and Interviewing* in Modem Sample Survey Methods. 



SAMPLE SURVEYS 


235 

Only questions which the respondent can answer from know* 
ledge or experience should be asked. To ask a rural housewife 
who has always used either open fires or paraffin stoves if she 
prefers to cook by gas or electricity is pointless. Yet in one 
survey housewives were asked which form of heating they pre- 
ferred, coal fires, gas, electricity, or central heating. Not many 
housewives in this country have enough experience of the last- 
mentioned form of heating to be able to answer the question 
rationally. 

A particular problem in interviewing is the respondent’s 
memory. Too much reliance should not be placed on it! In con- 
sumer surveys the interviewer, instead of enquiring about the 
consumption of a product over a period, e.g., a month, usually 
asks whether the housewife has a particular commodity in the 
house, e.g., a soap powder, and if so, when she bought it. Alter- 
natively, they may be asked how much of a foodstuff, e.g., bis- 
cuits, they bought in the current week. In the Hulton Readership 
Survey, informants were asked which newspapers and periodi- 
cals they read. To avoid the risk of any paper being overlooked, 
each informant was shown a short list and asked to indicate 
those that he had seen. The same technique is used by the inter- 
viewers of the B.B.C. Audience Research. In this case the pre- 
vious day’s broadcasts are listed. Even this device is not perfect; 
experiments have revealed that the position of any item is impor- 
tant, those at the top being mentioned more frequently than 
others. To overcome this difficulty the lists are usually re- 
arranged at short intervals. Nor is the facile assumption that the 
respondent will answer accurately even the simplest question 
justified by experience. The number of wives who do not know 
their husband's incomes is legion, but one consumer survey in a 
North London suburb revealed that quite a number either had 
no knowledge of their husband’s occupation or described them 
incorrectly. The same survey revealed a surprising number of 
housewives who were unaware of the fact that most wireless sets 
were run off the mains electricity. 

All the questions asked must be so phrased that the respon- 
dent can answer them intelligently. This implies that the res- 
pondent must understand what is being asked. For this reason, 
in many opinion polls, a factual question or two is usually in- 
serted at the beginning to find out whether or not the respondent 
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knows anything about the subject upon which he is asked to 
express an opinion. Every question which relates to the respon- 
dent's actions in the past must be most carefully considered, 
because the average person’s memory is so unreliable. Great 
care should be taken to avoid words with ‘emotional’ content, 
e.g. ‘Socialist’ and ‘Tory’ will probably affect the respondent 
more than (say) ‘Labour’ and ‘Conservative’. A good illustra- 
tion of this was provided by a U.S. public opinion poll during 
World War II. Many more respondents were ‘anti-Nazi’ than 
were ‘anti-German’ when asked their views on the belligerents 
before December 1941 in two polls, the only difference between 
which was the use of the word ‘Nazis’ in place of ‘Germans’ in 
the relevant questions. 

Apart from basic principles to be observed in the construction 
of schedules and questionnaires touched upon above, there is 
also the problem of facilitating the work of the interviewer. A 
good deal of study has been given to the best lay-out of the 
form, bearing in mind that it may have to be completed on the 
doorstep and not on a table. Instructions to the interviewer must 
be set in bold type, e.g., if respondent answers ‘No’ to thi^ques- 
tion omit next section. It is both impracticable and undesirable 
that the interviewer should have to try and write down the 
respondent’s answers each time. For many . questions the 
answers can be anticipated, e.g., Yes/No/D.K., i.e., respondent 
doesn't know. Similarly, where the frequency of a particular 
event is concerned such as the number of weekly visists to the 
cinema, the answer can be pre-coded, once/twice/more often/ 
seldom/never. The pre-coding is not always quite so simple. For 
example, take the question ‘Would you say that television has 
made your home life more interesting and happier, or do you 
think your family life would be better without it, or does it make 
no difference’. This question set in a survey on I.T.V. carried the 
following pre-coded answers: More interesting/better without/ 
no difference/ don’t know. The weakness of this type of pre- 
classihcation is that it forces the interviewer to classify the 
respondent’s answer on the spot. Suppose the reply is on some- 
thing like the following lines ‘well, it keeps the kids happy and 
gives the missus a chance to put her feet up while they are view- 
ing; but sometimes we have trouble in getting the kids to do their 
homework and I think that the missus is too soft in letting them 
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Stay up at night after their proper bed-time; but it’s O.K. in the 
evenings sitting with the missus after supper and not having to 
go out . . . etc. etc.’ How would the reader classify this reply?* 
Another point to observe when formulating opinion questions is 
that the respondent should not be given a ’middle course’ to 
follow. For example, ‘Do you think that unemployment in this 
country is likely to rise or fall during the next few months, or do 
you think that there will be little change’. Since this question in- 
volves making an assessment of the future and quite apart from 
the fact that most respondents will not have the knowledge to 
form an opinion, it is logical for a large number of the respon- 
dents to opt for the middle course. This is particularly the case 
since it comes at the end of the question and obviously offers 
them an escape from the difficult choice posed by the earlier part 
of the question. Such questions which offer the respondent cer- 
tain alternatives are known as dichotomous questions (if there are 
two alternatives) and multiple choice or cafeteria questions 
where there may be several alternatives. Sometimes an attempt is 
made to pre-code all the possible answers, the interviewer 
ticking that one which most closely resembles the respondent’s 
reply. A good example of this is given in Question 1 1 of the 
schedule on Diphtheria Immunisation reproduced below. Quite 
often, in order to create a feeling of confidence m the respondent, 
the interview will start with what is termed a free-answer 
question. This is of the variety, ‘The government has been asked 
by a section of the public to re-introduce flogging for crimes of 
violence. What do you think ?’ The respondent can then speak 
quite freely - always assuming he has some views on the subject 
- and he is then ready for more specific questions. Sometimes 
these ‘free-answer questions’ appear later in the schedule, but 
whenever they appear the interviewer is confronted with the 
problem of summarising accurately but concisely the gist of the 
reply. This is not always easy and when the forms go in for tabu- 
lation, the classification of such free answers is inevitably 
arbitrary. While the drafting of a schedule of questions may a^ 
first sight appear quite a simple task - after all, what is difficult 
about asking questions? - in practice it is a highly skilled task. 
The reader should examine the schedules reproduced in various 
reports and assess them in the light of the above comments. 

* This question is taken from the schedule in a r^ort 'Parents, Children and Television’ published 
for the I.T.V. Authonty and available from H.M. Stationery Office, 1958. 
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The length of the interview will vary considerably from one 
survey to another, but it is a good rule to try and keep it short. 
The closer the subject of the survey to the respondent’s experi- 
ence and daily life, the longer can be the interview without pro- 
ducing weariness or plain boredom. Nevertheless, the Social 
Survey appears to have little difficulty in persuading its respon- 
dents to withstand interviews of an hour or more in some cases 
Some schedules contain over 60 questions, but a short question- 
naire used in the Diphtheria Inquiry of 1946 is given below. 
This illustrates the main features discussed so far. All the ques- 
tions are simple and to the point. The interviewer is helped by 
the precoding of the probable answers to some questions, e.g.^ 
numbers 11 and 12. With this questionnaire is published a de- 
tailed but concise set of instructions dealing with the approach 
to the respondent and suggestions for po^ng certain questions 
and the classification of possible answers.^ 


THE QUESTIONNAIRE 
Diphthkria Inquiry N.S.69 


The Social Survey 


Town or Districi’ 
(as on quota) 
Urban . . . . Y 

Age of Mother 


Up to 24 . , 1 

25-29 .. -.2 

30-34 . . 3 

35-39 . . 4 

4a 44 . . 5 

45 and over . , 6 


Working Full-time 7 
Working Part- 

time . . 8 

Not working . . 9 


Jnvestigaior 

Rural.. .. . X 

/ 

Husband at Home . . 1 

Husband away . . 2 

Husband deed. . . — 
Divorced or Separated 3 

Last Type of E<Iucation — 


Elementary . . . 4 

Secondary, Technical 5 
Others . . . , 6 

Substitute . . 1 

Original . . . . 2 


Dat,. 

Region 12 3 4 
Economic Group 


{C.W.E.) 

Up to £3 . . . . 1 

Over £3-£4 . . 2 

£4-£5 10s. . . 3 

„ £5 10s. -£10 4 

„ £10 . . . . 5 

N.A 0 


Occupation of C,W.E. 


1 

2 

3 

4 


] . Do you know what causes diphtheria ? 
Don’t know 

Infection from other children 
Bad sanitation, dirt, etc. . . 

Other causes 


2. Do you know how diphtheria can be prevented? 

Don’t know . . . . 6 

Immunisation, inoculation . . 7 

Not possible to prevent it . . 8 

Other ways . . . . . . . . . . 9 

The Social Survey. Oipbiheria Immunisation, by K. Box. October 1945. N.S. 69. 
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3. Have you had your children immunised ? 

Snx 





Under 






6 

8 

10 

12 

14 




Boy Girl 

1 

1 

2 

3 

4 

5 

7 

9 

11 

13 

15 

Yes 

N 

Selected 
















Child 

A 1 

2 

Y 

X 

0 

1 

2 

3 

4 

5 

6 

7 

8 

3 

4 

Child 

B 1 

2 

Y 

X 

0 

1 

2 

3 

4 

5 

6 

7 

8 

3 

4 


C 1 

2 

Y 

X 

0 

1 

2 

3 

4 

5 

6 

7 

8 

3 

4 

»» 

D 1 

2 

Y 

X 

0 

1 

2 

3 

4 

5 

6 

7 

8 

3 

4 

99 

F 1 

2 

Y 

X 

0 

1 

2 

3 

4 

5 

6 

7 

8 

3 

4 

99 

F 1 

2 

Y 

X 

0 

1 

2 

3 

4 

.5 

6 

7 

8 

3 

4 

99 

G 1 

2 

Y 

X 

0 

1 

2 

3 

4 

5 

6 

7 

8 

3 

4 

99 

H 1 

2 

Y 

X 

0 

1 

2 

3 

4 

5 

6 

7 

8 

3 

4 

93 

I 1 

2 

Y 

X 

0 

1 

2 

3 

4 

5 

6 

7 

8 

3 

4 


If Selfcied Child Immunised 
(Ask with reference to that Child) 


4. How old was the Child when immunised? 

Under 1 yr. Y 3 yrs. 1 6 or 7 yrs. 4 12 or 13 7 

1 yr. X 4 yrs. 2 8 or 9 yrs. 5 1 4 or 1 5 8 

2 yrs. 0 5 yrs. 3 10 or 11 yrs. 6 


5, Who suggested that the child should be immunised? 

School . . . . . . . . . . . . 1 

Health Visitor . . . . . . . . . . . . 2 

Private Doctor . . . . . . . . . . . . 3 

Welf^are Clinic . , . . . . . . . . . . 4 

Own idea (from publicity, etc.) . . . . . . . . . . 5 

6, Did you have any difficulty in getting the child immunised? 

Yes .. .. Y No ..X N.A, 0 

If Yes, what difficulty? 

7, (To everyone not answering Code 5 to Q.5) 

How long after it was suggested, was the immunisation done? 

Within a week . . 1 More than 3 months . . 4 

More than 1 week to 4 Don’t remember . . 5 

weeks . . . . 2 

More than 4 weeks to 
3 months . . 3 


8. Was the immunisation completed? How many visits? 
Yes .. Y No ..X 


9. Was the arm painful afterwards? 

. . Y No . . X 

10. Did yo4fl^ay for it (at your own Doctor), or have it done under the Council 
Schepm! 

Paid own Doctor . . 4 Free under scheme . . 5 
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If Selected Child not Immunised 
(Ask with reference to that Child) 

11. Why was the child not immunised? 

Had not heard about immunisation 

Have not bothered, not had time, will have it done 

Don’t believe in it, not worth while . . 

Husband objects 

Bad for child, would hurt or frighten it 

Waiting till child goes to school, not old enough yet 

Child has just been vaccinated, is ill . . 

Child has already had diphtheria 
Waiting to consult husband . . 

Tried, but unable to get it done yet .. 

Other reason 
Don’t know 

To EvfiRYONE NOT ANSVI'ERING CODE Y TO Q.ll 

12. Have you heard or read about immunisation in any of the following ways? 


Newspapers or magazines 

Yes 

1 

No 

Radio 

Yes 

. . 3 

No 

At the cinema 

Yes 

. . 5 

No 

Posters 

Yes 

. . 7 

No 

l^eaflct or visit from school, 
health visitor, etc. 

Yes 

. . 9 

No 


13. Do you know up to what age children should be immunised? 

Right (15 yrs. old) . . 1 Wrong . . 2 Don’t know ^ . 3 

14. Do you know what is the best age to have children immunised ? 

Right (1 yr. old) 5 Wrong .. 6 Don't know .. 7 

To Everyone 

15. Do you use a children's welfart clinic? 

Regularly . . 1 Occasionally 2 Never 3 Used to . . 4 

16. Have you ever been present at a school medical examination? 

Yes . . 6 No 7 

Many of the problems arising from the schedule of questions 
can fortunately be settled before the field work starts, and where 
a pilot survey is undertaken, unexpected weaknesses may be 
revealed. One last point is worth mentioning, only if because it is 
so frequently asked. Do people tell the truth when interviewed? 
Individuals do, of course, vary in this respect, but since anyone 
may refuse to be interviewed, it seems pointless for him to ac- 
cept the invitation and then proceed to tell lies. In any case, con- 
sistent lying or exaggeration is extremely difficult. There is some 
truth, however, in the contention that not every question is 
truthfully answered. During the war, housewives were exhorted 
to salvage waste material. One inquiry which asked whether the 
respondent did salvage waste material revealed that a far higher 
proportion of housewives stated that they participated in the 
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campaign than the actual collections indicated. The significance 
of this point is that most people probably tend to state that they 
conform to accepted social requirements rather than admit that 
they do not. In a survey among housewives questions regarding 
pocket money and punishment of children were put. There was 
universal agreement with the proposition that ‘children nowadays 
have too much pocket money’ although interviewer after inter- 
viewer commented on the fact that their particular respondents 
never made this mistake! Similarly with the punishment of 
children. Apparently this was hardly ever necessary, if the 
answers are to be believed. As several interviewers commented: 
‘never were children so well behaved as today’. Clearly the 
respondents in many cases were giving the socially acceptable 
answer. It was noted that occasionally the respondent took the 
line, ‘what business is it of yours’, although up to that point in 
the interview she had been most co-operative. To overcome the 
risk of bias, conscious or otherwise, from the respondent, the 
schedule designer uses various devices. Thus in the I.P.A.’s 
Readership Survey, the following method was used to overcome 
the ‘prestige’ factor. By this is meant that respondents might 
claim to have read certain periodicals for prestige purposes, 
when in fact they never read them. It is well known, for example, 
that many more people ‘admit’ to having read llie Times than 
its circulation w'ould justify, even when allowance is made for 
each copy being read by several people. The following question 
was asked: ‘When was the last time you looked at a copy of 
in the past three months?’ This clearly gives the respon- 
dent a loophole to admit that he has not read a particular 
periodical without admitting that in fact he never docs read it. 
Only if the respondent answered this question in the affirmative 
were further questions as to place and time asked of him. Much 
the same reasons explain the phrasing of the following question 
‘Do you have a T.V. set at home YET?’ rather than the same 
question without the final word. The inference is that the 
respondent can afford it, but has not decided so far to buy a 
T.V. set. 

The Problem of Interviewing 

It has been stated that the ‘representativeness of a sample 
depends on the ability of field workers to trace their subjects and 


1 
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persuade them to co-operate in the completion of a question- 
naire; and the accuracy of the results depends on that of the 
information recorded. Much hinges on the address, skill and 
tact of the interviewer, who thus becomes a possible source of 
serious bias in the enquiry.’ 

The majority of sample surveys are conducted by interviewers. 
A good interviewer can persuade his subject to reply to almost 
any question and it is fortunate, if somewhat surprising, that 
there appears to be no limit to the variety 6f questions which the 
average person is prepared to answer. Such willing co-operation 
can only be attributed to a general human weakness of being 
flattered by others seeking one’s views. Occasionally, the respon- 
dent may be interested in the subject of the survey and be 
especially willing to participate, particularly if he feels that his 
opinions may influence the attitude of others. The experience of 
the Social Survey, some of whose interviews may take up to an 
hour, is that on an average only 3 per cent of the original sample 
members refuse to be interviewed. Unfortunately, all inter- 
viewers are not of equal ability, although most of the wirvey 
bodies now employ only trained personnel. The proportion will, 
of course, vary from enquiry to enquiry, dependent on what is 
expected of the respondent, but it is seldom large. One exception 
was the high refusal rate - approx, 60% of the respondents 
contacted - in the National Food Survey.^ The reason for this 
lay in the fact thal the housewife was expected to keep a detailed 
account of food purchases for a week and allow the interviewer 
to check the contents of her larder. 

Just how significant training of interv iewers may be in affecting 
the response of informants and the quality of that response, is 
difficult to judge. The results of a detailed investigation to lest 
the relative efficiencies of two groups of profe.ssional investi- 
gators from the Social Survey and the British Institute of Public 
Opinion on the one hand and a group of University students on 
the other suggest that training may not be all that important.^ It 
appears from this enquiry that while the professionals enjoyed a 
higher success rate in establishing contact with the respondents 
than the students, the relative differences between the three 
groups of interviewers with regard to the quality of response in 

^ Domestic Food Consumption and Expenditure, I9S0. H.M.S.O. 19S2. 

> J. Durbin and A. Stu«rt 'DifTerences in Response Rates of Experienced and Inexperienced Inter- 
viewers’. J.R.S.S. 1951. Part U. 
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terms of completed and accurate schedules were not such as to 
warrant the inference that the students were much inferior to 
the professionals. There was some evidence, however, to 
suggest that on the more difficult questions the students were not 
as effective as the professionals. In view of the present trend 
towards longer schedules and intensive interviewing of the 
respondent, i\e. ‘depth’ interviewing to seek out causes and 
reasons for attitudes, the importance of (raining will become 
more evident. In the early stages of survey work, the main 
quality required of an interviewer was ‘personality’ in the sense 
that she could easily establish ‘rapport’ with her informant and 
persuade him or her to talk freely on the survey topic. Now^adays 
much more attention is being paid to sequence of questions, the 
form in which they are posed, and more skill and concentration 
i^ required of the interviewer.^ 

Apart from the difficulties already discussed in connection 
with the questionnaire, the actual interview is attended by even 
greater problems. The simplest is the risk that the interviewer 
may misunderstand a reply, or merely mark off the wrong code 
number for any pre-coded answer. The risk of misinterpretation 
is greater with opinion questions, where the main replies have 
not been classified in advance on the schedule, than with ques- 
tions of fact. More important, however, is the actual conduct of 
the interview itself. There is always the danger of prompting the 
hesitant respondent at the wrong time, even putting the answer 
to him. A particular cause of concern is the extent of what is 
termed ‘interviewer bias.’ ‘Bias’, in the normal sense of the word, 
is a more serious danger with the public opinion polls than with 
social or market surveys. The Princeton Office of Opinion 
Research has carried out many tests in this connection and has 
revealed that even with professional interviewers bias is unavoid- 
able. In one American election, professional interviewers were 
divided into groups of opposite political faiths. Their returns 
revealed quite clearly the effects of their subconscious sym- 
pathies on their respondents. Nor is this a new problem; it has 
been known to exist from the earliest days of sample surveys. 
For example, as long ago as 1914 an American sociologist found 
that the replies of 2,000 destitute men explaining their distress 
were markedly influenced by the interviewers’ sympathies and 

1 FotbersUl aod Willcock. op. cU. 
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views. Thus a Prohibitionist interviewer’s results revealed a 
strong tendency among his respondents to attribute their 
destitution to drink; an interviewer with Socialist leanings 
recorded many who ascribed their position to industrial causes. 
According to the author, ‘quantitative measures of interviewer 
bias in this particular survey turned out to be amazingly large. 
The men may have been glad to please anyone that showed an 
interest in them’.^ The same authority comments that inter- 
viewers will influence their respondents’ replies by the mood 
into which the latter arc put. For example, ‘the interviewer may 
make the respondent gay or despairing, garrulous or clammish. 
Some interviewers unconsciously cause respondents to take sides 
with them, some against them’. As Mr Doming points out, 
training can do much to overcome the more obvious causes of 
interviewer bias, but even with a well trained corps of inter- 
viewers it may arise, even quite unconsciously. The experience of 
the Social Survey in the course of collecting data on the probable 
response of ex-Service men to the ofTer of 1939-45 Campaign 
Stars is noteworthy in this respect. It was found that the^age of 
the female interviewer had a definite influence on the attitude of 
the male respondent. The younger the interviewer, the more 
likely was the man to disavow any intention of applying for the 
awards ! 

Despite the intensive training given to interviewers, the hc^ld- 
ing of briefing conferences and the issue of detailed instructions 
with the schedule setting out the considerations which have 
prompted the various questions and the best way of putting 
them to the respondent, mistakes are inevitable. It is not the 
obvious mistakes and glaring inconsistencies betw^een answers 
that arc troublesome. These can usually be detected in the 
editing of the schedule. It is the minor 5*lips, such as incorrect 
interpretations of an answer or poor classification of the respon- 
dent w^hich arc so difllcult to eliminate, since they cannot be 
detected and the results are thereby distorted. When all the prob- 
lems involved in the organisatioti and conduct of a survey are 
taken into account, the errors occurring at the interv^iew remain 
the most serious. In the w^ords of two members of the Social 
Surv'cy, ‘sampling errors are the least serious, it is the human 
errors such as errors in classification and memory errors on the 

^ ^On Errors in Surveys*. W. £. Oeining m American Sociological Review, August 1944. 
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part of the respondent . . . that are less easily detected’.^ A more 
recent enquiry into this problem carried out by the Social 
Survey revealed that over three-quarters of the mistakes made by 
investigators during the course of the interviews (and noted by 
observers present at the interview) could not have been delected 
from a scrutiny of their schedules when returned to the head 
office. 2 

Some Mea of the task imposed upon the investigator is given 
by the form below headed "Classihcation'. This is actually a 
supplementary questionnaire to the main questionnaires which 
were concerned with surveys of the public's knowledge of and 
attitude towards tuberculosis, on reading habits and on savings. 
The purpose of this supplementary list of questions was to pro- 
vide information concerning the informant's living conditions, 
social class, household composition etc. independently of the 
three main surveys. The questiems arc quite clear and it will be 
noted now the investigator seeks to ascertain the respondent’s 
income group. The respondent is not actually asked what he 
eartLs, but is asked to indicate to which particular income group, 
as given in Question Vlll, he belongs. The letters S.W.E. stand 
for senior wage earner, usually the male head of the household. 
Since it may not be possible to interview him if the investigator 
calls during working hours, the ‘subject’, usually his wife, will 
provide the information. The interviewer will need briefing on 
the appropriate method of answering Question X; assessments 
by the individual directly concerned of his .success or otherwise 
arc not usually very satisfactory for comparative purposes, c\g. 


C L ASSJ FICATJON t 


(i) Inierviewer’s name 

Interviewer’s number . ... t ... f. 

(ii) RING DATE OF INTERVIEW. 

Sun. Mon. Turs. Wed. Tliur. Fri. Sat. 
April 16 17 18 19 20 21 22 

23 24 25 26 27 28 29 

30 — — — — ~ — 

May 1 2 3 4 5 5 6 


(iii) Subject. Where living. 

At borne Y 

In institution, hotel X 

As a boarder 0 

In rooms 1 

As resident servant 2 

(iv) Type or dwelling. 

Detached house 3 

Semi-detached house 4 

Terraced house 5 

Self-contained flat 6 

Part of house 7 

Other ispecify) 8 


^ Gray and Corlett, Sampling for the Social Survey^ J.R.S.S., 1948, Part II. 
Fothergill and Willcock, op. cit. 
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(V) HOUSEHOLD COMPOSITION 



(vi) Number of rooms 

(vii) Subject occupation (full description) 


Subject industry, trade or profession 


Self employed I 

Employee 2 

S.W.E. occupation (full description) 


S.W.E. industry, trade or prolessioii 


Self employed 1 

Emplovcc 2 

(viii) Income per i>%ce)v less deductions plus 
bonuses. 

Sjt. S.W.E. 

Nil 0 0 

Up to £3 1 1 

Over £3 to £5 2 2 

Over £5 to £7 10s. 3 4 

SHOW Over £7 10s. to £10 ... 4 4 

CARD Over £10 to £20 5 5 

Over £20 6 6 

Don't know 7 7 

Refusal, not asked ... 8 8 


If S.TT. D.K., REFUSAL, NOT 
ASKED 

Why? 

If S.W'.E. D.K., REFUSAL. NOT 

ASKED 

Why ? 


(ix) Interview situation. 

CODE Informant alone 

Al.L Spouse present 1 

THAT Other adiih(s) present 2 

APPLY Children present 3 

(x) Interviewer’s a.ssessment of succe.ss of 
interview. 

Above average (give reason) 4 

Average 5 

Below average (give reason) 6 

Very poor (give reason) 7 


(xi) Serial number on record sheet. 


(xii) Subject education. 

Age left .school 

Type of last scliool. 

Elementary Y 

Central. Technical, Commercial... X 

Secondary. Public 0 

University 1 


t Reproduced by permission of Director of Research Techniques, London School 
of Economics and the Editor of the Journal of the Royal Statistical Society. 

* Source: Durbin and Stuart, op, cit. This particular paper contains three 
schedules of questions which will repay study by the student. The discussion of 
the paper is also useful. 
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comparing the performance of interviewers. The question does 
give some indication of the tenor of the interview and indicates 
the degree of co-operation which the investigator received from 
the informant. In passing, it should be noted that the interviewer 
is also required to keep a list or record of all his calls, whether 
or not successful. When one takes into account the physical 
strain of making contact with respondents in all weathers and 
at all times, as well as the nervous strain of continuous inter- 
viewing, it is not surprising that mistakes are made by investi- 
gators. 

Postal Enquiries 

Quite apart from the problems and weaknesses of personal 
interviewing as a survey method, an important consideration is 
cost. A cheaper method is to use a postal questionnaire. At first 
sight the postal questionnaire has several advantages. It can be 
sent to a \'cry large number of people at low cost, so that the 
sample si/e may be increased considerably, relatively to the sur- 
vey sample for the same cost. Further, Ihe risk of bias or mistakes 
on the pari of Ihc interviewer is absent. All these apparent ad- 
vantages, however, prove on examination to be fictitious. The 
fundamental weakness of the postal method is the low propor- 
tion of returns. On the average, a 20 per cent response is con- 
sidered good. It may be argued that if 100,000 schedules can be 
sent out for the same cost »is interviewing 5,000 people, the final 
sample still contains 20,(XX) and is therefore preferable. Unfor- 
tunately, there is no means of ascertaining whether or not the 
20 per cent return constitutes a representative sample of those 
people to whom the schedule was sent. It almost certainly does 
not. It is probably true to say that the cost per completed sche- 
dule by interviewing is ultimately little abov'e that for the postal 
enquiry. There is, too, the greater reliability of the former, since 
despite the risk of interviewer bias and mistakes, the respondents 
will themselves make mistakes in completing the forms. 

The experience of the Social Survey with postal schedules is 
worthy of note. Some 16, (XX) members of a profession were cir- 
cularised and 38 per cent returned the forms immediately. A 
further 32 per cent replied, after a reminder had been sent. Ulti- 
mately, the response was just over 80 per cent. Such an experi- 
ence was quite exceptional for the following reasons. The subject 
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of the enquiry was connected with the future of the profession, a 
matter of considerable interest to the members. They would in 
any case return a higher proportion than would be received in 
an enquiry on any subject covering the general population for, 
as professional people, their reaction to forms would not be 
that of the average member of the public. Finally, a pilot survey 
had provided many useful lessons and the schedule of questions 
was devised with very great care. The last points should not be 
exceptional, but the fact that the organisers of the survey com- 
ment on them suggests that they are not always accorded the 
same degree of attention. 

Another enquiry undertaken by the same body followed the 
more usual pattern. Of 740 households sampled and circularised, 
only 16 per cent replied until a first reminder produced replies 
from another 21 per cent. After a second reminder, 8 per cent 
more replied, making up a total response of 45 per cent after 
two reminders. Fven this was very satisfactory, but here, too, 
the householders could be assumed to have a personal interest 
in the subject of the enquiry. In the light of these examples the 
probable response to a commercial questionnaire requesting 
opinions on, for example, a manufacturer’s soap, may be 
imagined ! 

The obvious method of overcoming this weakness of postal 
surveys is to make the returns compulsory. The only body with 
statutory powers to compel returns is the Government. In con- 
sequence, they are the main users (>f the postal enquiry, and use 
it for the censuses of population, electors, production, distribu- 
tion and earnings. It should not be assumed, however, that be- 
cause the recipient is compelled to make a return, he necessarily 
completes the .schedule accurately. The census of distribution 
forms carry a note to the clfecl that if exact figures arc not avail- 
able, then an estimate may be inserted. Such minor weaknesses 
are of little significance since small errors will tend to cancel each 
other out in the aggregate. This assumes, however, that only 
minor slips are made. It is doubtful if this is true when the 
schedules arc virtually small booklets, as used to be the case in 
the censuses of distribution and production, completion of which 
is all too often regarded as an imposition to be dealt with in the 
minimum space of lime and with even less care. A more im- 
portant consideration is that the type of information required by 
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the Government Departments is purely factual. Questions which 
can be answered by either ‘yes’ or ‘no\ or a figure can be posed 
equally well by post as by interviewer. But the same is not 
true of opinion questions, consequently most surveys seeking 
other than bare factual statements must be carried out by inter- 
viewers. It is noteworthy that the Verdon Smith Coinmillee in 
its 1954 report (Cmd. 9276) on the Censuses of Production and 
Distribution made certain recommendations in this respect 
which have been adopted by the government. In 1955-7 inclusive 
there were 3 sample surveys on Production covering only 35,000 
firms instead of about 250,000 in a census. Furthermore, the 
questionnaire has been reduced to a single sheet containing some 
twenty questions similar to that reproduced on p. 33. Such 
changes are a direct consequence of the criticisms directed at the 
census authorities by industry and trade. 

C!oiicli?siuns 

The foregoing scctioiii> arc designed to provide a summary 
outline treatment of the conduct of a sample survey. Although 
the studenfs allcntion has been directed to one aspect and 
problem of survey design at a lime, he should never forget that 
each survey should be regarded as an integrated whole. Despite 
all the emphasis in the preceding pages given to sample and 
questionnaire design as well as interviewer bias, the main prob- 
lem confronting the survey organiser is first, to determine the 
nature of the problem, ;ind secondly to decide how, for a given 
outlay, it may be answered most eflectively. The early chapters in 
this book emphasised the need to verify the quality and nature of 
any statistical data irrespective of its source. This warning 
applies with especial force to the results of economic and socio- 
logical surveys. The existence of a few figures seems to encourage 
statements the validity of which rests entirely on such limited 
evidence. Data derived from such surveys should not be used 
unless the report has itself been scrutinized. Any reputable 
survey body wdll publish in the report of its findings some 
account of the method employed to select the sample, and the 
classification of the respondents which was employed. A copy of 
the questionnaire should be given as well as the instructions to 
the interviewers. 

In brief, all the difficulties cited in the preceding paragraphs 
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should find some mention.^ The reader may then be in a position 
to estimate just how satisfactory the data are and make the best 
use of them. 

' The following Reports, to some of which references have already been iMde, are aU examples 

in these respects. The explanatory manual of the National Readership Survey 1957, l.P.A. is par- 
ticularly interesting since it gives a full account of the sample design, the interviewing technique as 
well as a copy of the schedule. There is a description of a survey undertaken by 
in Appendix A of the Report on Domestic Food Consumption and Expenditure 1953, H.M.b.U. 
1955 The Household Expenditure Enquiry 1953/4 report also has a clear description of the methods 
used in iliat survev. A detailed account of all the problems encountered m the fertility enq^ 
prepared by Glass and Grcbenik on behalf of the Royal Commission on Population entitled The 
Trtmd and Pattern of Fertility in. Great Britain’, Part 1, illustrates many of the practical difficulties 
cncoumcrcd both in the planning and the interviewing stages. Oi^ of the best accounts of a survey, 
which discusses not merely ihc practical problems, but al ihc same time explains of fn® 

theoretical problems ot sample design, is given in British Im ome and Savinas l\v H. Lydall. Chapter i. 
Particular attention should be paid to the schedule and the problem of the high non-response rate in 
this enquiry. The student will find the account extremely rewarding 
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SOCIAL STATISTICS 

The administrative needs of the government extend beyond the 
fields of industry and economic planning. A major part of the 
government machine is concerned with the provision of social 
services and, as with economic statistics, the administrative pro- 
cesses yield a large crop of statistical data. Most of these are to 
be found in the annual reports of the appropriate Ministry, e.g., 
the two-volume report of the Ministry of Health or that of the 
National Assistance Board. As with economic data, some en- 
quiries are undertaken for special purposes. For example, the 
annual survey of food consumption conducted by the National 
Food Survey, the enquiry into household budgets undertaken by 
the Ministry of Labour in 1953-4, as well as the survey into 
‘Reasons for Retirement’ among the retired population, con- 
ducted by the same Ministry.* A wealth of data relating to social 
conditions is to be found in the Census of Population reports. 
Some of the methods used for analysing vital statistics are dis- 
cussed in the next chapter. 

This chapter is designed to bring to the reader’s attention 
some of the better known and more important social statistics, 
many of which are frequently quoted in the Press. Inevitably in a 
book of this type, the coverage must be limited. Fortunately for 
the interested reader there is an authoritative up-to-date survey 
of social conditions based entirely upon the relevant statistical 
data. Every student of the social sciences should read it.® A word 
of warning is, however, necessary. While tables illustrating the 
form of the published data are reproduced in this chapter and in 
the aforementioned book, it is quite impossible for the reader 
to obtain more than a mere notion of what statistical in- 
formation these government reports offer. If the reader requires 
more than the brief outline offered in the pages which follow, he 
should consult these reports at his local reference library. If 

1 Published H.M. Stationery Office, 1957. 

* A Survey of Social Conditions in England and Wales as illustrated by Statistics, by Carr-Saunders. 
Caradog Jones and Moser, 1958. 
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possible he should try to extract the answer to a particular 
question on the subject; how many people drawing the 
National Insurance pension applied for National Assistance 
supplementation, or what is the average working week and 
hourly wage in the shipbuilding industry? Finding the answer to 
small but precisely defined questions such as these provides the 
opportunity to study with just that degree more care than a mere 
desultory flicking-over of pages and is infinitely more illuminat- 
ing in revealing the deficiencies of the published data. 

Housing 

There would be little disagreemenl with the assertion that the 
major social problem in post-war Britain has been the shortage 
of housing. For this reason it is rather remarkable, to put it no 
more strongly, that the available statistics are totally inadequate 
to form the basis of a rational housing policy. Quite apart from 
the complications arising from the system of rent control which 
made a true assessment of the adequacy or otherwise of the 
existing housing accommodation virtually impossible, the 
statistical shortcomings are very obvious. There is first no 
precise data relating to the supply and adequacy of existing 
housing accommodation, age and amenities; second, the 
statistics to measure either ‘need’ or ‘demand’ are inadequate. 

The data relating to housing are derived from two main 
sources. The first is the Ministry of Housing which prepares data 
relating to the volume of current building. The second is the 
Census of Population which, in the Housing volume, provides a 
great deal of interesting information relating to housing con- 
ditions and over-crowding. The two sets of data are best dealt 
with separately. The statistics of house building date back to the 
end of the first World War when in 1919 the government first 
made itself responsible for the provision of subsidised dwellings. 
Before then, the number of dwellings could only be estimated 
from census returns. Once public money was at stake, the admin- 
istration annually produced statements showing the number of 
houses built which were entitled to the subsidies. From 1922 on, 
the published data became virtually comprehensive since it in- 
cluded all non-subsidi.sed accommodation with a rateable value 
of £78 and under. ‘ With the tremendous boom in house 

^ In the Metropolitan Police District the limit v^as £105 but houses with Rateable values above £76 
in the provinces and over £105 in the M.P.D. were very few. 
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construction of the 1 930’s the Ministry of Health (which from 1919 
was responsible for this matter) published as from September, 
1934, a half-yearly return giving the number of houses built by 
both private enterprise and local authorities, as well as the 
volume of ‘slum-clearance\ A particularly useful and informa- 
tive publication of this period is the ‘Survey of Over-crowding’ 
of 1936 which covered Scotland, as well as England and Wales. 

The end of the second World War witnessed a revival of 
government housing activity but on a much larger scale than in 
1919. Between 1946-48 a monthly return of house construction 
and war damage repair in Great Britain was produced by the 
Ministry of Health. Thenceafter it was converted into quarterly 
returns for England and Wales (separate returns for Scotland) 
analysing the number of houses built by reference to the region, 
and the authority responsible for the construction, c\g. local 
authority or private builder, etc. fuom 1951 these Housing Re- 
turns were prepared by the new Ministry of Housing and Local 
Government. In addition, these returns included data relating 
to the number of tenders approved, construction begun, and 
completions. In addition to the data on permanent houses, in 
recent years similar data arc provided relating to conversions 
and adaptations of old and existing property, as well as the 
progress in slum-cicarance. 

The fact that statistics of housing construction have been 
officially prepared since 1^19 should not delude the reader into 
thinking that the data form a consecutive series which reflect the 
pattern and fluctuations in house building over four decades. 
Miss Marion Bowley has emphasised in her study of housing 
statistics that these data abound with snags such as changing 
definitions, varying coverage of series, etc., and therefore require 
the greatest care in extraction if any period comparisons are 
required.^ For all practical purposes the various Housing 
Returns serve as an indication of the scale of housing construc- 
tion at various periods in England and Wales and little else.® 

The second source of housing statistics is the Census of Popu- 
lation. Table 33, illustrates for successive censuses some of the 
available data. The Hou.sing volume of the Census of Popu- 
lation 1951, is the main current source, but details relating to 

^ Housing Statistics of Great Britain, J.R.S.S., 1950, Part III. 

^ The most detailed official account of housing statistics, i.e., building, is given in an article in 
Economic Trends^ June 1958. 
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housing conditions are given in the County volumes as well as in 
the 1 per cent Sample Tables. The 1951 Census was especially 
important in this particular respect for it collected new in- 
formation relating to what are called ‘household arrangements’, 
i.e., the existence of piped water supply, cooking stove, water- 
closet and fixed bath, as well as providing more detailed and 
new classifications of households not given in the 1931 volume. 
For example, households are analysed by. the number of earners 
and number of children they contain, as well as the proportion 
with the ‘household arrangements’ specified above. 

TABLE 33 

Population, Habitations and Households, 1861-1951* England and Wales 


Census 

Population 

Houses 

Families 

Persons 

Year 

OOO’s 

OOO’s 

OOO’s 

per House 

1861 

20,066 

3,924 

4,492 

5*1 

1871 

22,712 

4,520 

5,049 

5-02 

1881 

25*974 

5,218 

5,633 

4-98 

1891 

29,003 

5,824 

6,131 

4-98 

1901 

32,529 

6,710 

7,037 

4*85 


Population in 

Private 

Private families 

Persons in 


private families 

dwellings 

or households 

private families 


(XX)’s 

(HXVs 

OOO’s 

per dwelling 

1911t 

34,606 

7.691 

7,943 

4*50 

1921 

.36,180 

7,979 

8,739 

4-53 

1931 

38,042 

9,400 

10,233 

4*05 

1951 

41,840 

12-389 

13*118 

3*38 


* Source: Economic Trends. June 1958. 


t In the 191 1 and subsequent censuses non-private households were excluded from 
the tabulations which in previous censuses had included them. 


The term ‘housing’ in the Census volumes does not merely 
cover houses as such; it is primarily concerned with available 
accommodation, the basic unit of which is defined as a 
‘structurally separate dwelling’. This has been defined since the 
1921 census as follows: ‘any set of rooms, intended or used for 
habitation, having access cither to the street or to a common 
landing or staircase’. According to the 1951 Census there were 
13*3 million ‘structurally separate dwellings’. The feature of the 
census data is not so much the actual enumeration of such 
accommodation but the extent to which it is occupied. In other 
words, the term ‘housing’ as used in the Census would be more 
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accurately defined as ‘housing conditions’. The 13*3ni. struc- 
turally separate dwellings were occupied in 1951 by 14-5m. house- 
holds; of this number 2-lm. were sharing 0*9m. dwellings. 

The term ‘household’ is also carefullydefinedintheCensus.To 
start with they are divided into two main groupings, private and 
non-private. The former consist of what is generally known as a 
household, /.e., any group of individuals such as a family and 
servants and lodger with board. The non-private households 
covers all the people living in institutions and hotels, etc. In 1951 
this latter group comprised less than 5 per cent of the popu- 
lation, the balance living in private households. Of their number 
the Census provides the following analysis by size: 


No. of persons in household 1 

2 

3 

4 

5 and more; 

Percentage of households 1 1 

28 

25 

19 

17 


and the comment is added that compared with 1921, the pro- 
portion of households with 1-3 persons had risen from 45 to 64 
per cent. 

The private households are in their turn further sub-divided 
into ‘primary family units’ and what are termed ‘composite’ 
households. The former consists of the head ofthe household, his 
wife, their children (of any age if unmarried) and any immediate 
relatives such as brothers and sisters of the head of the house- 
hold and his wife. Resident domestic servants are also included. 
In other words, the primary family unit is what most of us 
regard as the ‘family’. The ‘composite’ household consists of a 
private family unit plus one or more of the following, a family 
nucleus; a married brother or child of the head of the house- 
hold; and any others not related to the head of the household, 
e.g., a boarder. The term ‘family nucleus’ signifies any group in a 
composite household such as a married couple, with or without 
children, or a lone parent, e.g., widowed or divorced. The im- 
portance of the concept ‘family nucleus’ arises from the need to 
make some estimate of housing needs. Such ‘nuclei’ can be 
regarded as potential occupiers of their own establishment; they 
may only be living with the primary family unit until such time as 
they can acquire separate accommodation. About four-fifths of 
such nuclei were in fact married sons or daughters of the head of 
the households, awaiting suitable accommodation for them- 
selves. 
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An important feature of the Census data is the information it 
provides on the subject of ‘over-crowding’, or what the Census 
defines as ‘density of occupation’. ‘Overcrowded' is a purely 
subjective term, and for statistical purposes it is essential to have 
some standard, although such a standard is quite arbitrary.^ The 
standard which has been used in the 1931 and 1951 Census 
reports provides for a maximum of two persons per ‘habitable’ 
room.2 A density greater than this figure qualifies fbr the descrip- 
tion over-crowded. The very great increase in house building 
since 1931 has much reduced this problem. In 1951 just over 1 
per cent of the population in England and Wales was living in 
overcrowded conditions compared with a percentage over three 
times as great in 1931 . The Census data provide a regional break- 
down of the global figures showing in which regions and towns 
the problem is most serious. Directly related to the problem of 
over-crowding (in terms of number of persons per room) is the 
proportion of shared dwellings. As stated earlier, just over 2 
million households share their accommodation with other 
families; most of those households were small, /.c., 1-3 persons. 
According to the General F^eport over 11m. of these were not 
‘seriously deficient’ in numbers of rooms in relation to the house- 
holds contained in them. 

Admittedly the term ‘overcrowding’ is arbitrarily defined in any 
enquiry, but there can be little doubt that the Census definition 
is out of date and undcr-estimates the extent of the problem 
in so far as it sets a standard which is unduly low. Since ‘room’ 
covers also the kitchen if used as a living room (the Census does 
not distinguish between bedrooms and living rooms, nor are 
their dimensions measured), then a thrcc-bedroomed house wdth 
sitting-room and kitchen-living-room w ould not be overcrowded 
until it had over ten persons. No attempt is made to take the sex 
or age composition of the household into account in this respect. 
A better criterion for over-crowding would be to use a ‘bed- 
room’ standard. This w^ould aim to provide adequate sleeping 
accommodation to allow separation of the sexes over say 10 
years of age (except of course for married couples) and smaller 
sleeping accommodation for young children, c.g., one room for 

^ Compare for example the detailed standard used in the ‘New Survey of London Life and Labour 
1928* with the standard employed in the I9?6 Overcrowding Survey. 

^ The Census does not define a habitable room in precise terms, except to exclude sculleries and 
bathrooms. 
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3 children under 5, or one child under with one over 5, or two 
children aged 5 or over of the same sex. This implies that a 
working kitchen and separate living room are essential during 
the day and should not be occupied at night. An even more 
precise standard could be calculated by designating each adult, 
for example, as a unit and adolescents as 3/4, children under 10 
as half and infants under 1 as 1/4 or nil units, and relating the 
household total to the floor space available. Then a given-sized 
house should not contain more than so many units per .v square 
feet. Another problem is of course the size of the rooms; 
generally speaking the poorer housed the household by the fore- 
going standards, the smaller arc the actual ‘rooms’. Any survey 
of over-crowding or ‘housing conditions’ should be examined to 
ascertain what standards are used. For example, the Housing 
Act 1936 used both a ‘bedroom’ and ‘floor area’ standard to 
define overcrowding. This is deemed to exist when the number of 
persons sleeping in the house is cither such that two or more of 
those persons being over ten years old, of opposite sex and not 
living together as man and wife, must sleep in the same room ; or^ 
that there is an excess of the permitted number of persons as 
ascertained in relation to the number and floor area of the 
rooms as laid down in a schedule to the Act, For this purpose an 
infant under one year is not counted and a child between 1 and 
10 years is reckoned as half a unit. 

The collection of information in the 1951 Census relating to 
‘household arrangements’ revealed a far from satisfactory state 
of affairs. Just over half of all households in England and Wales 
have all these four amenities and exclusive use iherccT. There 
were l-4m. households without exclusive use of both a kitchen 
sink and a water closet. As is to be expected, large numbers of 
households in shared dwellings were without separate provision 
of these domestic arrangements. Even so, over one third of 
private households had no fixed bath, 8 per cent had no water 
closet, 6 per cent had no kitchen sink and the same proportion 
was without piped water. Note that Table 34 gives the per- 
centages of households w'ithout exclusive use; not as in the pre- 
ceding sentence, entirely without. 

A study of the Housing volume or even the Housing section in 
the 1 per cent Sample Tables alone, will reveal many detailed 
analyses of households by reference to their composition by 
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TABLE 34 

Regional Distribuiion of Overcrowding and Household Arrangements^ 



% of persons 
living more 
than 2 per room 

Persons per 

Persons per 

1951 only 
% of households 


room 

household 

without exclusive 
use of : 


1931 

1951 

1931 

1951 


1951 

m 

fixed 

stove 

and 







1 

m 

bath 

sink 

England 
and Wales 

6-94 

2-16 

0-83 

0 73 

j 

3-72 

3 19 

21 

45 

n 

Scotland 

n.a. 

15-47 

1-27 

1 04 

3-99 

3-39 

35 

49 


Northernt 

16-90 

4-54 

1-02 

0-84 

3-97 

3-37 

19 

45 

Wm 

Midlandt 

7*21 

2-80 

0-85 

0-76 

3-92 

3-36 

23 

46 

wM 

Southern 

2-78 

1-59 

0-71 


3-60 

3-21 

22 

40 

BeI 


• Source: 1% Sample Tables. Table IV. 7. 

t Inter-year comparisons affected slightly by boundary changes. 


number, sex and age. Table 34 above indicates the type of data 
published. The student is advised to examine these tables in the 
Census volumes so that the nature of their contents at least can 
be impressed upon his memory. No second-hand summary such 
as given above can replace such a scrutiny in bringing home to 
the reader the coverage of sudi tables. 

REFERENCES 

CensLLS 1951. 1 per cent Sample Table, Part 1. 

Census 1951. Housing Report, Ch. VI. 

Social Class 

The English, it has been observed, are extremely class con- 
scious. Certainly most people are ready to classify others by 
reference to their social class, such as working, middle or upper 
class. There is, nevertheless, no single measure of ‘class’ ; for 
example, different people might well classify a particular in- 
dividual either as working or ‘lower’ middle class. The con- 
ventional basis for social classification is well understood, but 
it is not sufficiently precise for statistical purposes. In any case 
many people dislike ‘class consciousness’ as such, and would 
reasonably ask why it interests the social statistician. There are, 
however, a number of reasons why the subject is important. 
First of all, it is common knowledge that fertility among 
labourers is higher than among the professional community ; just 
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as is mortality. It is not sufficient merely to believe that a dif- 
ference exists between the two extreme groups. We want more 
precise information as to its extent. For example, before the 
war, in certain districts of England and Wales the infant mor- 
tality was almost four times as high as in the w^ealtliy areas of the 
South East.^ This is criminal waste and once we have the in- 
formation as to the extent thereof, social policy can be adapted 
to cure such blots on the community. It is a commonplace to talk 
of the opportunity open to the poor boy to get ‘to the top’. But 
how many get there ? To what extent is there what the sociologist 
calls ‘social mobility’, do sons and daughters generally move 
into a higher or lower social class than their parents?^ Before 
such enquiries are practicable, there must be a generally accepted 
classification of social status. 

There are, of course, a number of criteria which are employed 
to classify people. Accent is often a good guide; but statistically 
it is useless. Education is a useful indicator but is not enough. 
Income is a better guide and lends itself to statistical treatment; 
but there are many people with a great deal of money these days 
whom no one would place in the ‘upper class’, just as few people 
would classify a parson in a poor living as ‘working class’. The 
most generally acceptable basis for classifying people is their 
occupation. Furthermore, surveys have shown a high degree of 
unanimity among all classes as to the relative status of given 
trades, occupations and professions.** Since the 1911 Census the 
Registrar General has used a five-fold classification as follows: 

I. Professional, etc., occupations, doctor, lawyer. 

II. Intermediate occupations, e.g., business executive, manager 
of large store. 

III. Skilled occupations, e,g., draughtsman and policeman. 

IV. Partly skilled occupations, e.g., ticket collector and plum- 
ber’s labourer. 

V. Unskilled occupations, e.g., dock labourer, watchman. 

Such a classification is a good deal better than the rough and 
ready three-fold classification, working, middle and upper! It is 
precise, but for that reason it is arbitrary. For most people the 

^ Sec Population oiii/ R. Titmuss, for a study of pre-war society based entirely on such data. 
Even now there are regional differences, see for example Table 36 below. 

* See Social Mobility in Britain, ed. D, V. Glass 

* Social Mobility in Britain, op, cit. 
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members of classes II and III inevitably merge one into the other, 
and in fact the latter is so large that it is not really homogeneous, 
/.e., it is loo mixed. For this reason in the 1951 Census publi- 
cations the Registrar General introduced a new and more 
detailed classification by ‘socio-economic’ groups. There are 13 
mutually exclusive groups within three main groupings, agri- 
culture, non-manual, manual, and a single group for the armed 
forces (see Table 35). Like the social class classification, the 
socio-economic grouping is based upon occupations, but this 
more detailed classification ensures a greater degree of homo- 
geneity within the individual group. 

TABLE 35 

Standauhisid Mf)RrAin\ Ratios ior Mfn, Marriii> Wovicn and 
Single Womfn at Agi s 20-fA by Soc io-f t onomic Groupings* 


Socio-Economic C i roupi 

1 

1 

Mules 

Married 

Single 

j 

Women 

Women 

Agriculture 





i. l iirmcrs 


70 

93 

• 72 

2. Agriciilluriil workers . . 
Non-Manual 

: 

75 

95 

b4 

3. Higher adminisiratiNC clc. 

• - ! 

nv 

96 

82 

4. Other administrative clc. 

. i 

S4 

81 

70 

5- Shopkeepers . . 

1 

UK) 

99 

97 

<>. Clerical W'orkcis 


UV) 

1 91 

i 75 

7. Shop assistants 


84 

1 79 1 

1 82 

S, Personal seivice 

Manual 


113 

I 101 

84 

9. I'oremcn 


84 

91 

86 

lO. Skilled workeis 


102 

105 

109 

11. Semi-skilled workers 



108 

99 

12. Unskilled workers 


ns 

111 

103 

All occupied and retired 


ICK) 

UK) 

85 


* Group 13 of this classilication - ihc Forces - is omitted. 

t Source: Reg. Gen. DecefwiaJ Supplement 1951. Occuparionoi Mortality, Part I/^ 
Vol. /. 


Tables 35 and 36 illustrate the use to which the Registrar 
General puls these classifications. The former table, which also 
serves to indicate the socio-economic grouping referred to above, 
reveals the dilTerence in mortality for three sections of the com- 
munity at ages between 20 and 64, /.e., males, married and single 
women. The figures themselves are known as Standard Mortality 
Ratios. These are explained in detail in the next chapter, but they 
are in eflect indices based upon the relative mortality experience 
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of each group, allowance having been made for age differences 
between the groups. Farmers have the lowest mortality among 
males and those engaged in personal service the highest. The 
married women, /.c., wives, have a broadly similar experience to 
their husbands, but note that farmers'' wives do not enjoy the 
same favourable position of the males. In the data for single 
women, the figure for clerical w'orkers is most marked in relation 
to other tvvo groups, Le.^ men and married women. 

Table 36 gives a breakdow n by region and class of the infant 
mortality rate. Note the two rates; one relating to deaths under 
four weeks know'n as nco-nalal mortality and the other to deaths 
between four weeks and one year referred to as post-natal deaths. 
The division is significant since with the marked fall in the infant 
mortality rates in recent decades, the main hope for its further 
reduction is to be found in reducing the nco-natal rate. The con- 
clusions to be draw n from this table arc quite clear. The regional 
differences are obvious, but are nothing like so marked as the 
inter -class differences. These tabulations of mortality by social 
class arc extended to individual industrial groupings for certain 
major diseases. For example, cancer rates for dilfcrent ages with- 
in individual occupations are calculated, as well as for many 
other causes of death. The reader should consult the relevant 
volume, ‘Occupational Mortality’, for details. 


. Ahl L 36 

Nkonai al and Posj-Nf dna 1 ai Mokiai.iiy Rafks im k I.OlK) Ijvi Births 
BY So<MAI. Cl ASS IN FoUR RkCUONAI. CiROUPS 





Social Class 




1 

1 '■ 

III 

] 

IV 

V 

All 

Classes 

Aged under 4 weeks: 
North . . 

12-3 

16 9 

19 7 

21-8 

23-5 

20-2 

Midland and Hast 

14-9 

15 6 

18-0 

i9-8 

22-8 

18-5 

South . . 

12-0 

15-9 

15 9 

18-7 

19 2 

16-5 

Wales . . 

16-2 

21-3 

19 1 

24-7 

26-9 

21 6 

Aged 4 weeks and 
under 12 months: 
North . . 

4-9 

7-6 

13-3 

18-1 

23 2 

14-8 

Midland and East 

5-2 

6-5 

10-3 

12-8 

181 

10-8 

South 

5 0 

4-6 

7-8 

9-3 

13 2 

80 

Wales . . 

4-3 

7-3 

1 13-4 

1 

16-9 

22-2 

141 


Source: Reg. Gen. Decennial Supplement 195 i. Occupational Mortality ^ Part /. 
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The Registrar General pays just as much attention to social 
class differences in fertility as in mortality. In some respects the 
former is more interesting to the sociologist. There have been 
several enquiries into fertility, in particular the questions asked 
in the 1911 and 1951 censuses, and the Family Census taken in 
1946 forthe benefit of the Royal Commission onPopulation. The 
latter is published as Volume VI of the papers of the Royal 
Commission under the title ‘The Trend and Pattern of Fertility 
in Great Britain’. Table 37 is taken from that report. It shows the 
average number of children borne by a woman marrying between 
the ages of 20 and 24 in the quinquennium 1920-24. The data tell 
their own story; as we go down the social scale so fertility in- 
creases with the exception of the salaried employees and non- 
manual wage earners. This is probably due to the fact that these 
two groups come into close contact with more fortunate eco- 
nomic groups and have a greater interest in restricting the size of 
their families in order to maintain their living standards. Note 
the slightly different classification based on nine occupational 
groups used in this enquiry. This was devised before the 
Registrar General’s 1951 socio-economic classification to give a 
more detailed breakdow n of social classes than the social class 
classification used in the 1911 census. The 1951 Census volume 

TABLE 37 

CiRiiAT Briiain; I'Amu y Stzi- ior WoMi N Marrying in 1920-4 
A] 2(‘"24 Yiiars of Atii* 


Status Category 

Number of live 
births per w'oman 

Professions 

2*02 

Employers 

213 

Own account 

2-28 

Salaried Employees 

1-90 

Farmers and Farm Managers 

2-78 

Non-manual wage earners 

2-26 

Manual wage earners 

2-96 

Agricultural workers 

314 

Labourers 

3-76 


* Sourct*: The Trend ami Pattern of Fertility in G.B. 

on Fertility has not yet been published, but the 1 per cent 
Sample Tables give an analysis of fertility according to the 
socio-economic groupings. These reveal that the clerical 
workers’ ‘index’ of fertility (actually a standardised ratio) was 
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only 84 in 1951 compared with 124 for unskilled labourers, 
while the higher administrative, professional and managerial 
group had an index of 90.^ 

Generally speaking, the classification of respondents in most 
sample surveys is based upon income, which is closely correlated 
with social status. In quota sampling, an occupational classi- 
fication is generally used (see pp. 192-4). Even the Registrar 
General has used a simple classification by salary/wage earner, 
but this was done primarily to help the national income statis- 
ticians. For official studies the Registrar Generafs classification 
is employed although a special classification may be devised for 
a particular survey, as in the Glass study of social mobility. But 
the differences were negligible. Apart from the publications to 
which reference has been made the reader wishing to pursue his 
studies in this field further may find the references below of some 
interest. They illustrate the uses to which such data can be put in 
describing the social scene. 

REFERENCES 

The Changing Social Structure of England and Wales 1871-1951. D. C. Marsh. 

Studies in Class Structure. G. D. H. Cole. 

Articles on Social class in the British Journal of Sociology during 1957-8. 

Crime 

The main source of statistics relating to crime is the annual 
report entitled ‘Criminal Statistics’ prepared by the Home Office. 
Separate volumes are prepared for England and Wales and for 
Scotland. This is necessary because Scottish legal procedure 
differs from that followed south of the Border. The annual report 
is basically statistical in character, i.e.. it consists almost entirely 
of detailed tables apart from a brief ‘Introductory note’ which is 
accompanied by summary tables drawing attention to the main 
features of the year to which the report relates. Examples of 
these tables are given in the following pages. Apart from the 
introductory notes the bulk of the report is divided between two 
main sets of tables, the first of which are ‘comparative tables’ 
setting out the data for the period since 1930, only the last two 
years being given separately, but annual averages for the suc- 
cessive quinquennia facilitate comparison in the changes from 
period to period in the extent and incidence of crime and con- 
victions. These latter tables give two main sets of figures: first a 

^ See 1 per cent Sample Tablet, Great Britain 1951. Part II, Tablet X« Not. 9 and 10. 
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record of the crimes or ‘indictable offences’ known to the police, 
and second a record of the decisions of the various courts, in 
particular distinguishing between Magistrates’ courts on the one 
hand and the Quarter Sessions and Assizes on the other. The 
bulk of the tabular material is contained in the third part of the 
report, consisting of tables setting out in great detail both the 
police returns of crimes known to them and the records of the 
courts as well as giving the sentences passed on those convicted. 
The tables in this last part all relate to the single year covered by 
the report, e.g., 1956. 

A better grasp of the bases of English criminal statistics can be 
obtained by considering them as prepared on two main lines. 
The first is an analysis of the persons who have committed 
crimes and their consequent fate, and the second is an analysis of 
the crimes committed. The first set of data is derived from the 
court proceedings and therefore deal only with those cases 
which the courts adjudge in the year. The second set of data is 
based upon the police returns. Hence the sub-lillc of the annual 
report is ‘Statistics relating to Crime and Criminal Proceedings 
for the year 19— \ Note that as was explained on p.l2 no 
crime exists officially until it has been brought to the notice of the 
police. And, as was there explained, not all crimes do come to 
their attention. Even between the dilVerent police forces in local 
authority areas, din'erenccs in practice and procedure almost 
certainly exist. It should also be noted in passing that there are 
differences in the classification of these two sets of statistics. In 


TABLb 

M-xlis Founp Guilty ol Inuictahi i OithNC is in 1956 
CiAssniro nv Ac.r ani> OnhNc i (Pi-uci ni acjiJ Disiribu iion) 




1 

1 

Break- 

1 

Re- 

Frauds 

and 

i 

Sesual 

Vio- ! 
Icnee ! 

i 

kob- j 

Other 


Age group 


ceiiy 

ing and 
entering 

cciving 

false 

pre- 

tences 

or- 

fences 

agaiiivt 1 

the ! 
j pet son j 

berv 1 
* j 

! Of- 
i fences 

1 Total 

1 

Age 8 and under 1 4 

64 6 

26 0 

3 0 

0 2 

1 5 

! (17 1 

0 3 

1 i 

1 100 

.. 14 

17 

.SO « 

25 

4 0 

04 

5 0 ! 

! 3 0 1 

0 4 

1 2 I 

100 

17 .. 

21 

56 2 

-i-» 2 

2-6 

10 

4 7 j 

1 9 1 1 

1 0 

1 3 2 

100 

„ 21 

.30 

^11 

17 3 

4 1 

2 8 

4 9 

19 3; 

0 8 

3 6 

100 

„ 30 and over 


62 1 

69 

60 

6-4 

8 3 

! ^ I 

0 2 

4 3 

UK) 

All ages 


604 

17 8 

42 

2 8 

5-2 

rT?T 

0-5 

3 6 

100 


SiHdree: Criminal Sratisfic.s 1956 H.M.S.O. 

the first, the crimes are classified on the basis of the conviction, 
while ill the second the police base their classification on the 
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facts known to them, /.c., the charge. In the event the tow can 
differ, for example, a case of dangerous driving reduced in the 
court to one of careless driving, or murder charge reduced to 
manslaughter. 

The statistics cannot be readily understood until the main 
categories of offence are defined. There are three main classes of 
what the layman w'ould term ‘crimes’. These are ‘indictable’ and 
‘non-indietable’ together with a numerically insignificant section 
of ‘offences’ against the defence regulations. The distinction 
between indictable and non-indictable offences has become 
blurred since the classification was introduced some sixty years 
ago. The basic difference is that the former type of offence can 
(with few exceptions) only be dealt with in the Court upon 
indictment, /.c., where the prisoner is accused before a jury. The 
non-indictable offences (again with exceptions, hence there is 
some slight overlap with the first type of oflence) are those dealt 
with summarily in the Magistrates’ Courts. Of this group 
motoring offences form about 60 per cent. Within these main 
groups a standard form of classification is employed. For in- 
dictable offences there are some 70 different headings set out 
under six main headings such as Offences against the Person, 
Offences against Property with Violence, and so forth. This 
particular classification is justified on the grounds of tradition 
rather than any especial usefulness. The indictable cases are 
classified under some 120 types. 


TABLE 39 

Sfnicnos on persons Agld 21 and ovrr 
Guimy of Indici^ble Offence:^ by Higher CouRXst 



1938 

1954 

1955 1 

1956 


Number 

Per- 

centage 

Number 

Per- 1 
centage 

Number 

Per- 

centage 


Per- 

centage 

Conditional dis- i 

charge 

982 

1.5 4 

902 

71 

858 

7 0 


7-4 

Probation 

827 

13-0 

1 .530 

12-U 

1,645 

13 4 


14 6 

Fine 





l.4<X) 

no 

1,453 

n-9 


13-3 

Imprisonment 

4,222 

66 3 

7,664 

59 9 

7,226 

59 1 

7.339 

56-7 

Corrective training 

— 

— 

4.39 

3-4 

328 

2 7 

304 

2-3 

Preventive detention 

— 

— 

217 

1-7 

156 

13 

139 

11 

Othersvise dealt with 

336- 

5 3 

1 633 

49 

568 

4-6 

592 

4-6 

Total* 

6,367 

! 1000 

12,785 

1000 

T27234 

1000 

1 2.945 

100-0 


Source: Criminal Staiistics 1956 N.M.S.O. 

» This tabic does not include persons sentenced by quarter sessions after having been found guilty 
by a magistrates’ court. 

* Includes fines in 1938 onljf. 
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While the work of the Courts is undeniably well and accurately 
recorded, for purposes of further analysis the existing criminal 
statistics are considered by criminologists as inadequate. In 
measuring the incidence of crime, one practice is to relate the 
number of convictions to the number of persons in each age 
group in the country as a rate for 100,000 of the population. The 
age groups, separate for each sex, are annual for ages 8 to 20, 
and then in 5 year groupings between 21 and 30, and 10 year 
groupings up to the class 60 and over. Breakdowns of aggregates 
by sex and four age groups: 8 and under 14, 14 and under 17, 17 
and under 21, 21 and over for certain major groupings of 
offences, and those persons involved in court proceedings, are 
also given. 

For each main category of offence the statistics show the 
number of offences known to the police and the number of 
offences cleared up. The overall percentage is usually between 45 
and 50 per cent, which at first sight does not suggest a very high 
rate of detection. But in view of the fact that well over 60 per 
cent of the •offences known’ arc relatively minor cases of hweeny, 
the proportion ‘cleared up’ of all cases is clearly dependent on 
the size of that figure. For cases of ‘violence against the person’ 
about 90 per cent are cleared up, and in some years well over 
90 per cent of fraud cases are settled. A particular weakness of 
criminal statistics as a measure of the incidence and extent of 
crime is what is known as the ‘dark figure’, z.c.. the difference 
between the number of crimes actually committed and the num- 
ber actually recorded, /.c,, brought to the notice of the police. 
From a statistical point of view this is an important matter, since 
the proportion of omissions is by no means constant from year 
to year. Much depends on the willingness of the public to report 
crimes and their altitude to certain types of crimes, and also to 
the police, arc significant in this respect. 

The comment has already been made that the adequacy of 
criminal statistics in this country is limited from the crimino- 
logist’s point of view. Their interpretation requires great care. 
One authority has suggested that in examining these data 
attention should be concentrated on particular classes of 
offences at a time. More attention should be paid to the relative 
fluctuations in the figures from year to year rather than the 
absolute totals or changes. Only when a persistent trend - up or 
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down - in the annual totals is observable, is it safe to draw any 
definite conclusions. For the reader interested in this particular 
held, a list of references are given below, but for a detailed 
analysis of the pitfalls for the unwary, the early chapters of Dr. 
Mannheim’s book are especially useful. 

REFERENCES 

Annual reports on Criminal Statistics for England and Wales, H.M.S.O. 

Social Aspects of Crime in England between the Wars. H. Mannheim. 

Statistics in Criminology. M. Grunhut. J.R.S.S. 1951. 

Criminal Statistics. T. S. Lodge. J.R.S.S. 1953. 

Index of Retail Prices 

After long controversy the Cost of Living Index prepared by 
the Ministry of Liibour in 1914 on the basis of the 1904 enquiry 
into working-class living standards was discontinued in mid- 
1947 as completely outmoded. Actually, the old index was rela- 
tively satisfactory until the outbreak of war in 1939. Then, owing 
to the concentration of subsidies on its constituent items and its 
limited coverage, its deficiencies were emphasised, particularly 
from 1941 onwards, when prices of ‘free’ goods began to rise 
more shai*ply. It was replaced by an interim index in June 1947, 
pending a new enquiry into living standards to be undertaken 
‘when the expenditure of working-class housewives could be 
recorded in a market coiisic^erably more free' than it was in 1947. 

The purpose of the index was to show ‘future monthly changes 
in the level of retail prices weighted according to the pre-war 
pattern of consumption disclosed by the family budget enquiry 
of 1937-8’. This enquiry into family expenditures was conducted 
over a period of 12 months during 1937-8 by the Ministry of 
Labour. A sample of some 10,700 household budgets kept over 
four separate weekly periods at quarterly intervals in 1937-8 was 
finally regarded as suitable for tabulation. They covered three 
groups of working-class families, i.e,^ industrial workers, agri- 
cultural workers and rural households in receipt of wages up to 
£250 p.a. in 1937-8. The sample contained over 9,(K)0 budgets of 
industrial and commercial workers and some 1 ,500 agricultural 
workers. The weights for the index were derived from an amal- 
gamation of the two sets of budgets, i,e, industrial and agri- 
cultural workers, in the proportions of 16 to 1, which repre- 
sented the approximate proportions of the industrial and agri- 
cultural populations in the country. 
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These budgets provided an analysis of the main forms of 
working-class expenditure, but ignored the variable w^eekly out- 
lays on pools, betting, payments for medical treatment, and 
insurance premiums. They also provided the basis of weighting 


TABLE 40 


Group 

Weights 

Interim Index of 

Retail -Prices 

1952 1947 

Cost of 
Living Index 
1914 

i. Food 

399 

348 

60 

ii. Rent and Rates 

72 

88 

16 

iii. Clothing 

98 

97 

12 

iv. Fuel and Light 

66 

65 

8 

V. Household Durable Goods 

62 

71 

1 

vi. Miscellaneous Goods 

44 

35 

1 

vii. Services 

91 

79 

4 

viii. Alcoholic Drink 
ix. Tobacco 

78 

90 

101 ( T 1 7 
116/ 

i 


1,(K)() 

1,000 

100 


the individual items in the various groups of expenditure^which 
are contrasted in Table 40 with the proportionate weights 
employed in the discontinued 1914 Cost of Living Index and 
with the revised 1952 weighting. Ihese budgets provided an 
interesting illustration of the difficulty of obtaining accurate 
data. The Ministry of Labour in analysing the budgets found 
that there were indications that the household expenditure on 
tobacco and cigarettes ‘was not in all cases fully stated' and that 
personal expenditure on beer, spirits, etc. ‘was not fully rellcc- 
ted in the data provided by the survey’.^ It was consequently 
necessary to employ other data to determine the appropriate 
weighting to be given these particular items. 

The more detailed classification of the 1947 index indicates its 
greater coverage, A sub-group of the 1914 "Other Items' (not 
shown in the table) was given four times as heavy weighting in 
the 1947 index as in the 1914 index, while nearly one-quarter of 
the 1947 weighting (i.e. the goods to which it related) w^as not 
represented in the 1914 index. They cover articles and services 
which did not enter into the 1904 survey such as petrol, postage, 
motor and wireless licences, laundry, hairdressing and alcoholic 
drink. The totals 100 : 1 ,000 do not imply that one set of weights 

^ Intenm Index of Retail Prices. Method of Construction and Calculation (Revised Edition) 
H.M.S.O. 1952, 
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are ten times as large as the other; the ‘weighting’ is relative as 
between the constituent items. If the reader wishes, he may add 
‘O' to all the 1914 weights. The results, if applied to actual data, 
will be exactly the same as without them. 

The base date selected for the original Interim Index was the 
17th June 1947. As its name implied, the index was to be used 
only until such time as a new^ index could be constructed on the 
basis of p ost-war data relating to consumer expenditure. In June 
1951 the Cost of Living Advisory Committee recommended the 
holding of a new enquiry on household expenditure to provide 


Ini T RIM 

TABLE 41 

Indlx of Rfiaii, 

Prici-s* 



Group 

17th June 1947 
100 

I5th January 1952 

100 


1950 

1952 

1953 

1954 

1955 


17 Jan, 

15 Jan. 

1.3 Jan. 

12 Jan. 

18 Jan. 

(i) Food 

120 3 

149-7 

109-2 

110-2 

119*2 

(ii) Rent and Rales 

KK)-4 

104-2 

103-7 

109 9 

113-5 

(iii) Clothing 

117 1 

147-1 

94-9 

96-1 

95-6 

(iv) Fuel and 1 ight 

115 1 

140-1 

104-5 

110 7 

114 9 

(v) House Durable Goods , . 

1081 

136 6 

97 6 

95 6 

95-3 

(vi) Miscellaneous Goods 

113 6 

1.37-3 

102 7 

1000 

99-4 

(vii) Services 

J061 

123-9 

107 1 

109 5 

112*6 

(viii) 13rink and Tobacco 

107 5 

108-5 

101 ot : 

10l-5t 

102*5t 

All Items 

113 

1.32 

104-4 

105-8 

1 110-2 

1 

Old and New Indices 
linked to base 1947 
- 100 

113 

1.32 

i 

1 

138 > 

140 

146 


* Ministry of Labour Gazette. 

t Drink only. The tobacco relative was J(X)'3 throughout this period. 


the basis for a new and more permanent index. The same com- 
mittee in a later report made a number of recommendations for 
modifying the basis of the Interim Index until such time as the 
new index could be started.^ The changes recommended by the 
committee concerned mainly the weighting employed, and the 
new index wdlh the revised weighting was based on January 
1952. It will be noted from Table 41 that it has been possible to 
link the old and new' ‘all-items’ indices, but it is not possible to 
link the section indices because of the revised weighting. The 
introduction of the revised index A^ith the changed base was 

^ Report on the Working of the Interim Index of Retail Prices, Cmd. 8481. See also earlier reports 
Cmds. 7077 and 8328. H.M.S.O. 
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justified as a result of the changes in the pattern of consumption 
in the post-war period from that of 1937-8. The Cost of Living 
Advisory Committee concluded its enquiry on the operation of 
the Interim Index by arguing that the ‘all items’ index was a fair 
representation of the change in prices that had taken place since 
June 1947. It was admitted that the index was unsatisfactory in 
respect of rents of new houses built since 1947 which were gen- 
erally higher than the old; but the extent ^o which the index of 
‘all -items' was understated thereby was offset by the tendency 
of the pre-war pattern of consumption to overstate the rise in 
food prices. 

In January 1953 a new enquiry was begun to obtain an up-to- 
date basis for a revised index. It will be remembered that the last 
comprehensive enquiry into household expenditure look place 
in 1937-8. The enquiry 1953-4 was based upon a multi-stage 
sample of 20,000 households throughout London and 350 other 
areas including a proportion of rural districts. The sample was 
designed to yield a representative cross section of all households 
including the large family, the childless couple, and penftoner 
living on his own. A sample of 8,000 households would have 
been quite adequate for the needs of the survey, but the 20,000 
names were drawn to ensure that on the basis of a probable 
response rate of 40 per cent, the required 8,000 would be 
obtained. The estimate of non-response was based upon ex- 
perience w ith the National Food Survey over a number of years. 
All persons w^ithin the 20,000 selected households were asked to 
keep a record of their expenditure over a period of three con- 
secutive wrecks. I^ifferent households had to keep their records 
for dilferent periods, so that the whole of the year was covered 
by the enquiry. In other words, there was an even flow of inter- 
viewing and recording throughout the year in each main region 
of the country. All members of the household aged 16 or over 
who had left school were required to submit a confidential re- 
turn of his or her personal expenditure. Apart from the data so 
obtained the interviewer obtained facts concerning the house- 
hold from the householder or housewife; e.g. whether the 
dwelling was rented or owned, and the costs incurred upon the 
house. Each adult member of the household was asked to give 
information about his (or her) expenditure (generally covering a 
year) on annual licences, motor tax and insurance, insurance 
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Other than motor, education and training fees, season or contract 
tickets. All this information was required in addition to the com- 
pletion of the three weekly statements of expenditure. Each 
member of the household providing these details was paid £1. 
From the foregoing it is clear why so low a response was to be 
feared, but in the event the results far exceeded expectations. 
Almost 65 per cent, of the households co-operated to yield a 
total of 12,911 budgets. 

The Cost of Living Advisory Committee reported the results of 
the enquiry on household expenditures in March 1956. Their 
‘Report on Proposals for a new index of Retail Prices’ (Cmd. 
9710) recommended a new index of retail prices with a base date 
January 1956 = 100. The data for this new index and its 
weighting was derived from an analysis of 1 1 ,638 budgets which, 
in the opinion of the Conunittee, ‘will provide a reliable and 
representative basis for calculating the weighting pattern for a 
new index’. The actual number of budgets received from the 
households sampled - nearly 20,000 - was 12,911 and the de- 
cision to use the smaller number of 1 1 ,638 was based upon the 
elimination of two small groups. These were the households in 
which the head of the household received a recorded gross 
income of £20 per w'eek or more and those in which at least 
three-quarters of the total income was derived from the National 
Insurance retirement pension and national assistance. The 
reasons adduced for excluding the first group of 460 households 
was that the pattern of expenditure of such households differed 
from that of the majority of households in receipt of smaller 
incomes. Furthermore, there was much greater variability be- 
tween such households w'hich makes any average rather un- 
satisfactory. As for the second group containing 813 households 
with 1,216 persons (nearly 60 per cent, of such households con- 
sisted of one person living alone) it was decided that this fairly 
homogeneous group should be excluded since its pattern of 
expenditure also differed appreciably from that of the average 
household covered in the survey. According to the Committee, 
‘the intermediate group of 11,638 households (from which 
budgets were collected) will provide a satisfactory foundation’ 
for the new index. This sample of households would ‘reflect the 
expenditure pattern of nearly nine-tenths of all households in the 
U.K.’ 
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It seems therefore reasonable to conclude that the new index 
is ‘representative’ of that section of the community whose 
cost of living it is designed to measure; or more precisely, the 
changes in its cost of living. The Committee introduce a few 
caveats on this point. It draws attention to the fact that as in 
the 1937/8 enquiry, the expenditure recorded by the households 
in respect of alcoholic drink and tobacco w^as substantially 
under-recorded. The Committee was able to estimate the 
appropriate weights to be assigned to these items from other 
information, c.g. Customs and Excise data. Similarly, there was 
some under-recording of expenditure on meals consumed out- 
side the home, on sweets and chocolate as well as on ice cream 
and soft drinks. Apart from providing the details of their weekly 
outlays, members of the households constituting the sample 
were asked to state their incomes, and 96 per cent of the in- 
formants did so. The pui*}iose of this information was not so 
much to provide information relating to the construction of the 
new index as to provide a breakdown of the households by 
income levels. Unfortunately, the marked willingness^to co- 
operate in this matter was not accompanied by an equally strict 
regard for accuracy. 1 he Committee's report states that "in very 
many cases they (the informants) must have considerably under- 
stated their incomes'. This, explains the Committee, is partly 
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explained by the tendency to regard the ‘take-home’ pay as con- 
stituting the income, i.e. income after tax, insurance and similar 
deductions. There was, however, frequent omission or under- 
statement of overtime pay, bonuses and earnings from sub- 
sidiary employments etc. The Committee charitably states that 
this was ’in many cases unintentional’. Despite these imperfec- 
tions, however, the Committee is confident that it has obtained 
a ‘reliable and representative collection of budgets’. 

The classification of the expenditures comprising the index 
and the corresponding weights are given in Table 42. The 
groups, ten in number, are not very difierent from those used 
in the 1947 and revised 1952 indices illustrated in Table 41. The 
order has been slightly changed and there is one new group, 
‘Transport and Vehicles’. The new weighting is given in the last 
column of Table 42 and should be compared with the original 
weighting of the 1952 revised interim index in the first column. 
The second column reflects the cflect on the weighting if the 1952 
index (which was based upon the estimated consumption pattern 
in 1950) were rc-weighted to take account of the effect of price 
changes between 1952 and 1956 on the 1950 consumption 
pattern. The weights to be used in the new index differ from the 
latter because they are based not upon the 1950 consumption 
pattern, but upon that in 1953/54 as revealed by the household 
budgets. In any case, statistically speaking the two indices, i.e. 
1952 and 1956 are not comparable because the coverage, i.e. 
range of households, of the later index is much broader than the 
1952 index which was based upon the data obtained in the 
1937-38 enquiry. In short, the index based on lOth January 1956 
= 100 is a new index which cannot be directly compared with its 
predecessor. Nevertheless, the Committee recommended that for 
a while the ‘All items’ index of the 1952 interim index should be 
linked with the corresponding index for 1956. It will be re- 
membered that a similar procedure was followed with the intro- 
duction of the 1952 interim index, so that it will still be possible 
to measure roughly the broad change in retail prices since 
1947 

The apparent similarity of the weighting of the 1952 and 1956 
indices tends to obscure the fact that the new index is based 
upon a very different pattern of expenditure. Essentially, the 
1952 index was still largely based upon a pre-war pattern. In 

K 
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the Appendix to the report of the Advisory committee the 
constituent items of each group, together with the appropriate 
weight, are given. There are many additions, in particular a 
much wider range of foodstuffs; the alcoholic drink group now 
includes spirits other than whisky. The durable household group 
includes the television set and washing machine as well as a 
dining room suite which had not appeared before. Clothing now 
includes a made-to-measure suit and pyjamas, while the nylon 
slip and fully fashioned nylon seem to have replaced the flannel 
petticoat and lisle hose of 1914. 

The reader may recall that in selecting the constituent items of 
any index, care has to be taken to ensure that they are represen- 
tative of the ‘population’ of similar items. In the Retail Price 
index there are 91 sections and within each section there is a 
number of selected items of expenditure. According to the report 
of the Advisory committee, ‘the principle followed in selecting 
these items has been to choose items whose price changes can be 
regarded as representative of the average change in the prices of 
the whole range of goods covered by the weight assigned ^o the 
section in question’. The report goes on to explain that although 
only a few items are included in each section, the weight allotted 
to the section is determined not by the total expenditure on the 
selected items but by that on all items of that type. The average 
price changes shown by the selected items are ‘regarded as 
representing the average price changes for all kinds of goods 
covered by the relevant section’. 

The calculation of the index requires the computation of the 
price relatives at monthly intervals for each item of expenditure 
in each town from which the data are obtained. Information 
concerning food prices is generally collected by personal visits to 
retailers by local Ministry of Labour Officers; usually from five 
retailers considered by the manager of the local office to be 
typical of the shops where working-class households normally 
do their shopping. Prices arc obtained in respect of 200 local 
office areas grouped according to the population of the towns as 
follows : 

A. Greater London . . . . . . 25 areas 

B. Towns with a population of 200,000 and over 25 areas 

C. Towns with a population of 50,000 - 200,000 50 areas 
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D. Towns with a population of 5,000 - 50,000 . . 50 areas 

E. Towns with a population of under 5,000 . . 50 areas ^ 

Some prices are communicated directly by the manufacturers to 
the Ministry, e.g„ clothing prices. For those commodities where 
quality changes are significant, e,g. as with clothing, the relatives 
of current prices are calculated not against the base price, but on 
the chain-base system. 

The actual calculation of the index is briefly as follows. The 
A.M. of the price relatives for each town or area is averaged with 
those ftom other towns and areas with due regard to the size of 
the area's population, in order to obtain the overall national 
index which relates to prices on the Tuesday nearest the 15ih of 
each month. The official account sets the process of calculation 
out in detail as follows: 

(A) The price relative for each item in each town is calculated 
and the resulting figures combined as an unweighted aver- 
age for all the towns in each population group. 

(B) The separate indices for the various population groups are 
averaged to give indices for each item for the country as a 
whole, 

(C) The national indices of the items, c\g. bread, are next com- 
bined to arrive at indices for each group, e.g. food. In the 
construction of the group index, the percentage increase in 
each item in the group is weighted by reference to its pro- 
portionate share in the aggregate outlay on all items in that 
group. Thus the group index is the weighted arithmetic 
mean of the percentage changes in its constituent prices. 

(D) The indices for the various sections are then combined, 
being weighted as shown in Table 58 on page 340 which 
gives the index for each of the main expenditure groups, I to 
X, and the final all-items figure. It will be noted from Table 
58 that all indices for sections are given to one place of 
decimals. This has the advantage that quite minor changes 
in prices will be reflected in the index. 

The student should note that the Committee recommends a 
modification to the method of collecting prices of clothing, foot- 
wear and household textiles. At present, the price changes are 

^ The towns actuatly surveyed are given in an appendix to the ofRcial account of the Index. The 
grouping by population and the selection of the localities within each population group are made in 
such a way as to give adequate representation to different types of localities throughout the country 
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calculated for four types of area; London, other very large cities, 
intermediate sized towns and smaller towns. The changes in 
each area’s price relative are averaged, each being equally 
weighted. The Committee felt that with the growth in im- 
portance of the multiple and department store, the collection 
should not be by geographical area, but by type of shop. In this 
case the four groups would be multiple stores, department stores, 
co-operativcs and other shops. The weights for these four 
groups’ price relatives should be based upon their relative im- 
portance in the national sales of clothing. This would entail the 
collection of data relating to the value of such sales for the last 
two groups of' shops. 

The item of Rent and Rates was also considered at length by 
the Committee. Owing to the greater flexibility in rents following 
their dc-control and the emergence of the Local Authorities as 
landlords on a large scale, new information is needed. The 
Commitlcc recommends that a sample of the hi>useholds co- 
operating in the household expenditure enquiry should be 
visited at regular inler\als to ascertain whether any chaises in 
the rental or rates has taken place, I he change recorded in this 
item for the sub-sam]>le \Vi>u!d then be assumed to he indicative 
of the average change in the rents o\ rented dwellings. The 
Report slates that about 30 per cent, of the budgets came from 
households owning the dwellings in which they live; roughly one 
half of their number is in the prv^cess of buying the dwelling. This 
expenditure is regarded a form of saving and a.s such does not 
enter into the new index, but the C'ommiliee recommends that 
an estimated rental should be imputed to such dwellings and it 
should be merged with the data relating to rented dwellings for 
purposes of determining the \^eighl to heallocatcd to the Housing 
group within the index. In this group, account is taken of the 
expenditure on house repairs and decoration. 

A report published in I <^>57 contains a detailed account of the 
1953/4 enquiry upon which the current index of retail prices is 
based. Not merely is the planning and conduct of the survey 
explained, hut the repi^rt discusses in detail the \arious problems 
arising from the interpretation of the expenditure schedules pro- 
vided, /.e., an assessment of the accuracy of the data supplied. 
The bulk of the report is then devoted to a detailed tabular 
analysis of households classified by income, by their com- 
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position, by region, etc., and the various expenditure patterns of 
different income groups are contrasted. Table 7 w hich is repro* 
duced on page 45 is a small sample of the type of information 
given. The report is a mine of information for the study of 
living standards in this country at the present time.* 

RliFtRIiNCES 

For a summary account of the cnquiiy and exposition of the ciirient index sec 
the ‘Report c n Proposals for a New Index of Retail Prices’ Cmd, 9710. A detailed 
account of the actual consrruction of the index is given in ‘Index of Retail Prices, 
Method of Construction and Calculanon'. This is part of the Industrial Relations 
Handbook (H.M.S.O.) but id also published separately as a pamphlet. 

*The above mentioned report on the 195 .t-4 cnqniiy is known as the ‘Report of 
an i-nquir> into Household lix^x^nditure m 1955-54' ll.M.SX). 1957. 

Wages and Framings 

* Statistics of income m the United Kingdom are available hoiu 
two main sources. The lirst is the Annual Report of H.M. Com- 
missioners of Inland Rc\cnuc which provides inlormalion such 
that contained in Table 6 (page 44). In addition to such classi- 
tlcation of incomcx according to si/c, there is an analysis of 
incomes by region and some inlercsting breakdowns of income 
groups by reference ti> the personal allowances claimed, Ll\. 
single, married, one two and more children, dependent relatives, 
etc. Such data are, of course, of interest only for the reader 
requiring an overall picture of the distribution of income. The 
Blue Book on National Income and Fxpenditure supplements 
the latest annual analysis oi .axpayers by income size, based on 
the Inland Revenue data, w ith additional tables for earlier years. 

The most important and comprehensive source of statistics on 
wages and earnings is the Alinisiry of ixihour Gazette These 
data relate to manual workers in a w ide range of industries and 
various classes of worker, male and fcnalle, adults and 
juveniles. They have been published for many years. Some in- 
formation was collected ofliciaily as early as the m id-nine tccnlh 
century, while statistics of wage rates and hours of labour were 
published separately in book form from 1893 onward. Originally 
the publication of this book was at irregular intervals but since 
1946 this volume, known as Time Rates of Wa^es and Hours of 
Labour, has appeared annually. The data contained in that 
volume relate to the rates and hours applicable to manual 
w orkers in each industry at the beginning of April each year. To 
keep the information up to dale any changes, which arise from 
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voluntary collective agreements between employers and the 
unions within the separate industries, are published in the 
monthly Gazette. The Ministry of Labour has no compulsory 
powers in regard to the collection of these data, but voluntary 
co-operation from the unions and employers’ representatives is, 
according to the official report, ‘very freely accorded’. 

The data so provided and published in this annual handbook 
serve as the basis of two official index nijmbers. The first is an 
index of weekly waxe rate.-: which is designed to measure the 
average movement from month to month in the level of full- 
time wages in the principal industries and services in the United 
Kingdom for the main groups of workers, i.e. adult males and 
females and juveniles, as well as an “all workers' index. The index 
was actually started at the beginning of this century but has since 
been revised six times; the present base is 31 si January 1956.* 
Before that date, there is a single continuous series running from 
June 1947 to January 1956, with June 1947 as the base dale. It 
should be noted that the new base corresponds w ith that for the in- 
dex of retail prices discussed in the previous section. OvvingMo the 
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t A similar group index is compiled for the ‘Manufacturing Indu.stries only'. 

changes in the data available, as well as alterations in weighting, 
it is not possible to compare successive series of index numbers 
of weekly rates of wages calculated on the different base years. 
It is possible, however, to make an estimate of the overall change 
in ‘all workers' wage rates between September 1939 and 31st 
January 1956. Note that this index (or indices since one is pre- 
pared for each of the three categories of employee as w^ell as ‘all 
workers') is based upon weekly rates^ not earnings. Thus it will 

* The nMthod ot consuructing this index was discussed in the Oaxette for February, 1957. 
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show no change if wwkers’ earnings alter when extensive over- 
time is being worked, or if a large proportion of the labour force 
is on short time. The current index is based upon the rates agreed 
as at 31st January 1956, and the weighting of the index for each 
class of worker in each industry is determined by the relative 
size of the total wage bill. The index for each class of worker for 
the past three years is given in Table 43.' 

Another index on the same base dale is calculated to measure 
changes in the normal working week. This index is known as the 
index of normal weekly hours. By dividing the index of weekly 
wage rates by this index of normal v\eckly hours, the Ministry of 
Labour produces what it calls an index o\' hourly rates of wages. 
It will be appreciated that this index reflects any improvement in 
the manual worker's terms of work, since any reduction in the 
length of the base week (without any change in the wage for the 
basic week) represents an impr<nemcnt in the rate of earning. 

Quite apart from the statistics rclafing to wage rales* the 
Ministry of Labour publishes extensive data relating to earnings 
and actual hours worked. These arc, of ci)ursc, quite distinct 
from the figures discussed above relating to wage rates and 
normal hours worked. Ihis distinction must be kept in mind 
when consulting the published data, since it is ca.sy to confuse 
the diflerent scries. As with the data on hours and rates, the 
slalislics of earnings and hours worked go back to the last 
century, althviugh there have likewise been frequent changes in 
the basis of iheir compilation. The current series dale from 1938 
and their purpose is to provide information relating to the 
general trend of actual gross earnings and w^eekly hours worked. 
The statistics published include tables such as Table 44 below 
showing the average weekly earnings for each class of worker in 
various industries. Similar tables, /.e., based on the same classi- 
fication, are published in the same issue of the Gazette, showing 
average hours worked and average hourly earnings for each of 
the four age and sex groups for a wide range of industries. In 
addition to the figures for individual industries, comparable 
figures are calculated for industrial groups as well as for ‘all 
industries’ combined. The actual basis of the published figures is 
described in the half-yearly articles in the Gazette and these 
should be studied before figures arc extracted. 

The principle of weiighfuig in index number construction is explained in Chapter XVI. 



280 


STATISTICS 


The half-yearly enquiry (sec February and September Gazette) 
into earnings and hours of work of manual workers covers 
7 million workers in over 68,(XX) establishments, excluding agri- 
culture, mining, railways, dock labour and the service trades: 
equal to rather more than two-thirds of the total number of 
wage-earners employed in the industries covered by the enquiry. 
In the enquiry of April 1958 employers were asked to make 
returns showing the number of wage-earners at work in the last 
pay-week in April, of the aggregate earnings of those w'age- 
earners in that week, and of the total number of man-hours 
worked in the week; these various data being classified under 
the following headings: men 21 years and over, women 18 years 
and over, youths and boys under 21 years and girls under 18 
years, 'fable 44 illustrates the data compiled from such an 
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enquiry. It is important to note that these data exclude office 
workers, shop assistants, outworkers as well as salaried staff. 
The wages returned are the total earnings, inclusive of bonuses, 
before tax and insurance deductions. Although this enquiry is 
dependent upon co-operation of employers, of 69,400 establish- 
ments to which forms were sent, 68,200 of the returns made w ere 
suitable for tabulation. The data obtained Worn this enquiry are 
too detailed to be reproduced here and the student is advised to 
consult the Gazette^ September 1958, to ascertain the nature 
of the published information. Whenever these tables arc pub- 
lislied the reader is w arned against careless interpretation of the 
figures given, ‘In view of the w ide variations, as between different 
industries, in the proportions of skilled and unskilled workers, in 
the opportunities for extra earnings from overtime, night- w^ork 
and payments-by-resuUs schemes. . . . the dilferences in a\eragc 
earnings shown slmuld not be taken as evidence of. and a mea- 
sure of, disparities in the (ordinary rate oi' wages prevailing in 
different industries for comparable classes of workpeople em- 
ployed under similar conditituis." In other words, for each of 
the four categories of employees, llie earnings shov\n are t/icr- 
r/gc.v, and as the student has already learnt, the mean is not 
always a reliable guide to the data. In this case, the dilferences 
in earnings bctv\een xaiituis industries are not completely ex- 
plained by the differing rafrs of pa> in these industries. 

RLI KRI Nt. LS 

Labour Siatislics, Cjiiidc'^ Ivi Olticial Sources, No. I, If.M.S.l)., 1958, Revt.scd 
E^Uition. 

Conclusion 

The student reader must realise that the foregoing summary 
can only provide an indication of the main sources of some 
branches of social statistics. It cannot be sufficiently emphasised 
that a real understanding of these published data can be 
acquired only by studying the publications, and actually extract- 
ing data relating to a particular problem. For example: how 
many families in your home town were living in 1951 more than 
two persons per room? To what extent is it true that crimes of 
violence have increased since the war? By seeking in the relevant 
publications answ'ers to such questions as these, the student will 
learn more than from reading this chapter a dozen times over! 
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VITAL STATISTICS 

IntriHluctioii 

In recent years the term ‘vital statistics’ has been defined as the 
use of three figures to describe a single figure. Popular usage 
apart, vital statistics arc derived from the enumeration of the 
human population and the registration of births, marriages and 
deaths. The statistician specialising in this branch of statistics is 
usually described as a demographer, the subject of demography 
being the analysis nf populati<m data. I he c(filection of in- 
formation about the human population dales back to Biblical 
times. The Romans used such int\>rmation for raising both 
armies and lax revenues. Ncveiihelcss, collection of vital 
statistics in the L'nilcd Kingdom on the systematic baws of 
present times is little moic than a century vrld, aillunigh die first 
official Lnglish populalii>n census v\as held in 1801. W ith the 
creation of the Cicneral Register Olfiee in 1S37 there was in- 
stituted a continuous system la' registration of births, marriages 
and deatlis. The Ci.R.O. was also made rcspimsible for the 
decennial census, starting vviili that oi 1S4I. 

While the primary purpose of statistics relating to the human 
population in a country was initiallv military and fiscal, the 
main impetus lo the improvement of the sv sicm in the nineteenth 
century came Inain the need to improve public health. As far 
back as the reign i>j’ Henry \ ill, \veckl> Bills of Mortality had 
been compiled to provide information eemeerning the spread of 
the plague and the passage of the Act setting up the Cicneral 
Register Ollice was almost certainly expedited by the experience 
of the cholera epidemic of 1S31. The growth of the new in- 
dustrial areas in the mid-ninelcenih century and the attendant 
high nioriality therein led to the demand for accurate regis- 
tration of both the populace of such towns and the number of 
deaths as well as their cause, although it was not until the 1890’s 
that compulsory notification of certain diseases was introduced 
in the United Kingdom. 
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Throughout the first century of the G.R.O/s existence its 
primary concern was the collection and analysis of data drawing 
attention to conditions of public health in the industrial towms. 
Even at the present lime the annual reports of the Registrar 
General devote considerable space to such matters as epidemics 
and differential mortality, but since the end of the first World 
War the attention of demographers has been concentrated on 
population trends. The tremendous rale of growth in the popu- 
lation of most countries during the middle and latter half of the 
last century ended before 1 9(X) and in recent decades concern has 
been expressed regarding the contraction in the si/c of the 
average family. In the mid-193()s various forecasts were made 
regarding the future size of the United Kingdom population, 
many of them depressing and some quite alarming in their 
implications. It was this concern with the irend in family size 
which led to the setting up of the Ro>aI Commission on Popu- 
lation in 1944. Its rcpv>rt, which was published in 1949, as well as 
the post-w'ar increase in the number of births, has led to the 
rejection of the more pcssimi>lic pre-war forecasts regarding the 
trend of the British population. But interest in the demographic 
trends elsewhere in the world, in particular the liangers of over- 
population in the Midiile and Far hast have pomnpted demo- 
graphers to analyse and consider their implicatic^ns for the long 
term future ol' these arcas. 

The demographer is thus ci>ncerned with two aspects of vital 
statistics. There is first the collectiiMi and tabulation of current 
data relating to births, marriages, sickness and death and their 
analysis. From these data it is possible tt) ascertain the changing 
causes of death o\ cr long periods and the need to develop new 
medical techniques to cope with special problems. l\>r example, 
at the present time it is apparent that the main hi)pc for reducing 
the death rate among infants under one year of age lies in reduc- 
ing the risk of premature births and deaths in the first month i>f 
life rather than in the following eleven months. It is primarily the 
study of such data and the consequent action taken on the basis 
of such findings in the form of public health services and better 
living conditions that has led to the male expectation of life at 
birth rising from 40 to 66 years between 1851 and 1951. The 
second aspect of vital statistics deals with the analysis of popu- 
lation trends, in particular the attempts to forecast its future 
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size and pattern of change. The purpose of such analyses is to 
ensure that the appropriate administrative action in respect of 
housing, schools and other social policies will be taken. The 
pre-war policies of a number of West European countries to 
encourage more births were introduced following upon such 
demographic analysis. 

The information comprised in the term ‘vital statistics' is 
colleclcd in England and Wales by the General Register Office 
through the medium of its 12()0 local offices. Scotland has its 
own G.R.O, The data are ci>llecled in two ways; by means of a 
continuous system of registration and by means of a periodic 
census which in this country is held every ten years. It would be 
possible to derive some vital statistics by either method alone, 
but by using both methods a periodic check is provided on the 
data collected and any analysis such data is in consequence 
more reliable. 

The populaiu^n census has been held regularly in the first year 
of each decade between 1801 and 0>5E the cmly omission being 
in I94L Some limited data for this period arc provided by the 
National Registration figures c>r September 1939, It is usual to 
hold the census at a lime of the year when the movement of the 
populatii>n is expected u> be fairly low. If ihe census were to be 
held iUi August Bank Holiday, the .seaside towns would show 
v^astly inllated populati<.>ns and the urban areas correspondingly 
reduced numbers, lo minimise this problem recent census 
enumerations have been made on a Sunday in early April. 

The census entails a simultaneous enumeration of all the 
households in the vhIioIc country, /.t ., the United Kingdom, on 
one day in the year. Each head of a household, and there are 
some 1 1 million in England and Wales, is required to fill up the 
census fi>rni giving details of all individuals resident under his 
root' on the cenus night. This method of enumeration is known 
as a cic fiuto census, /.c., a count of the population present at the 
place and time the census is taken. In the United Stales the 
census is on a Jc Jure basis. In this case the head of the household 
lists the members of his household whether they arc present or 
not. The advantage of the Je jure basis is that it gives a complete 
picture of the population on a basis of their usual residence but 
it suffers from the fact that both omissions and double-counting 
of absent-members is possible, a weakness from which the 
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English method is free.’ Census returns arc also made by Insti- 
tutions, Hotels and Boarding Houses. The forms are then 
collected by locally appointed enumerators who scrutinise the 
forms on collection for omissions and occasionally help the 
householder complete the form. After further checking the forms 
are sent to a central office for recording and tabulation. The use 
of machine tabulation and the introduction in the 1951 census of 
a sampling procedure enabled the G.R.O. to publish in less than 
two years the two volume report on the 1 per cent sample in 
Great Britain which constituted a census in miniature. 

It cannot be emphasised strongly enough that the population 
census is much more than a mere counting of heads, in the 1951 
census questions asked related to the age, sex, marital status, 
residence, education, birthplace and nationality, occupation and 
place of w'ork of each individual in the household, as well as 
questions relating t<^ the household arrangements for water 
supply and cooking. 1 he census prov ides an instantaneous 
photograph of the community at a giv en point of time in respect 
of its social and demographic condition. I'hc census is also valu- 
able because it permits the government to collect information 
regarding specilic social problems which arc important at the 
lime of the census. 1 or example, the 1911 census provided in- 
formation relating to fertility, llitil i)f 1921 yielded data on the 
subject of dependency as a preliminary to the introduction some 
years later t^f a pension schL.ac for widows and orphans. In 1951 
questions on fertility were again asked to supplement the 1946 
enquiry on this topic while new questions on housing amenities 
were also included. 

It would be idle to pretend that all the information collected 
at the decennial census is accurate. There are two main sources 
of error. The first source derives from the administrative 
arrangements. It would be fanciful in the exticme to believe that 
an ad hoc corps of over 4(),CX)0 willing but part-time enumerators 
can contact every household or avoid occasionally mis-dirccting 
those householders who seek their advice, or they may insert in- 
accurate information on the form where its completion is the 
responsibility of the enumerator. Errors also arise at the clerical 
stage when the information on the schedules is transferred on to 

* ''Note, however. th«t the EngU»h cen&u& is taken on a day or two, but in the States the enumeration 
IS spread o\er as much as four weeks, but the comp<*siti<»p of the household is recorded ns at a 
given hour. 
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the tabulations via punched cards. In the course of such work, 
mistakes in classihcatiun are also unavoidable, although they 
can be kept to a minimum with proper supervision. The second 
and more important source of census errors is the informant 
himself. These are of two kinds, wilful misstatements of fact and 
genuine mistakes due to ignorance or misunderstanding of a 
question. Of the former, the best known is the unwillingness of 
many people to state their true age. Analyses of the final data 
reveal that there are marked concentrations in any age distri- 
bution of the population about the ages ending in 0 and 5, while 
the number of women between the ages of 20 and 30 is over- 
stated due to the desire of many to withhold the fact that either 
she is still in her 'teens or has passed into the 'thirties’. In the 
case of older people ignorance or poor memory may account for 
the fact that there is a tendency tt) oxer-state the age after retire- 
ment. I3ivorced women arc often reluctant to disclose the fact, 
describing themselves as single or widowed, although with the 
changing social attitude towards divorce this may no longer be 
so serious a source t)f errt>r us it has been in the past. One par- 
ticular question on the census form which has always given great 
difficulty is that asking the occupation of the individual. There is 
a tendency to over-state the status of the post held, w hile retired 
and unentploycd persons often dc.scribed themselves as members 
t>f the trade in which they used, or if unemployed, customarily 
worked. Stmie concern has alsr> been expressed by the census 
authorities regarding the accuracy ol atiswers given to the 
questions on education contained in the 1951 census, which it 
appears, were not always comprehended by the infonnam. 

The Registration System 

The decennial population census is supplemented by a system 
of continuous registration in over 5(X) local areas of the United 
Kingdom. The principle of registering certain vital events has 
long been established ; certainly long before the need for periodic 
censuses in this cevuntry was generally accepted. It i.s noteworthy 
that refusal to complete the census return has still to be dis- 
couraged “ penalties being imposed on the head of the house- 
hold. Before the G.R.O. many such records were kept by the 
Clergy. The justification for such records is deriv'ed largely from 
legal considerations, for example the need to prove relationship 
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to the deceased to benefit under a will. We are all familiar with 
the birth certificate and the need for its production at certain 
times, on takingoutalife insurance policy. Nowadays, social 
and economic needs arc just as important a justification for the 
expense and trouble of the census. The Act of lcS36 set up the 
G.R.O. and many local offices at which any birth, marriage or 
death had to be notified within a specified period. Another Act 
in 1874 provided for each death registration to be accompanied 
by a medical certificate slating the cause of death. Before this 
date, detailed analysis of mortality statistics was not practicable. 
Another gap in this country's demographic statistics was closed 
by the passage in 1938 of the Population (Statistics) Ad. This 
was enacted to pro\ idc fuller information on fertility. Additional 
details were required on the registration of a birth apart from 
the names of the child and its parents. In particular the age ot the 
mother, the duration of her present marriage and number of 
other children by the present and any previous husband were 
rcc^>rdcd b\ ilic Registrar, fhese data arc not entered in any 
public register but are contideniial to the (i.R.O. By the same 
Act. on registering a male death, his marital st.ilus must be dis- 
chvscd, while ii\ the case of deceased mariied females, the year 
and duration of the marriage are needed U'gcther with in- 
formation regarding the number of children by the present 
husband \\ ho.se age at dale *>f wife's death is also required by the 
Registrar. 

The accuracy of such siaiistics is determined by efficiency of 
the registration system. In this country accurate and prompt 
registration is enforced largely by law and habit. To bury the 
deceased, a ei>py of the death certificate must be produced to the 
undertaker. In the case of marriage there arc equally obvious 
sanctions, although, of course, registration is effected during the 
ceremony. Only with respect to births is there any doubt, for a 
birth may be registered up to 42 days after the event, Bel ore the 
war, the birth statistics were classitied by calendar quarters 
according to the date of registration, and the average time lag 
between the birth and its registration was one month. With the 
introduction of the war-time food rati<?ning scheme, a new birth 
meant a new ration book and to claim this prior registration was 
necessary. The time lag largely disiippeared and since the 
beginning of 1941 the Registrar-General has classified births by 
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the date of their occurrence instead of by date of registration. 
The birth statistics of the two preceding years 1939 and 1940 
have also been published on the revised basis. 

Some reference is needed to the large volume of published 
material produced by the General Register Office. The data 
collected by the process of registration is published annually in 
the form of a three-part report known as the Registrar General’s 
Review of England and Wales. The three parts are knowm as the 
Medical, Civil and the Text or Commcniaiy volumes. The last of 
these appears with a greater time lag than the first tw^o. The 
Medical volume is concerned with mortality and provides de- 
tailed tabulations of the causes of death at dilferenl ages of life 
for various groups ol' the population such as males, females and 
infants. The C ivH volume is primarily Ci>ncerned with population 
counts, births, marriages, and in recent years with divorce, the 
statistics of which arc still limited. In the same volume there is 
contained most of the idlicial information on fertility. The final 
Text, or C '(*nvfwniiit \ as it is now' known, is devoted in the main 
to a commentary on the events recorded in the tables of the first 
two \tdumes and in particular with changes in the trentf over 
longer periods. 

There is also a weekly return of births, deaths and noti- 
fications of infectious diseases in all administrative areas of 
England and W ales and the 10 ^standard’ regions into which the 
country is divided fi*r government purposes.^ These are com- 
pounded inti) a cjiiaricrly return which also includes marriages 
and a brief commentary on any significant features revealed in 
the tables, riiese returns form the basis of the Annual Reports. 
Since OMS the Ci.R.O. has also prepared mid-year estimates of 
the population of each administrative area in England and 
W’alcs. Ihcse are needed for various administrative purposes by 
the Central and Local Governments. 

The publications vvf the decennial census arc too numerous to 
cnumcraie here; iliey w ill be found listed in any single volume of 
the Census Report. They appear at intervals of months and years 
following the census. Within a few months of the census a Pre- 
liminary Report is issued which contains both an account of the 
conduct of the census and the new population figures for each 
Local Authority area compared with those of the previous 

* As !(hovkn in Table 10. page 4Q 



VITAL STATISTICS 289 

census, indicating the absolute and relative changes in their popu- 
lations. As part of the 1951 census a two volume report based on 
a 1 per cent sample was produced; this w^as described above as a 
census report in miniature. This experiment, designed lo expedite 
publication of the main features of the census, was tried out for 
the first time in 1951 and it is highly probable that it will be 
repeated in the future. The County volumes appear next and at 
intervals the various volumes on particular topics such as 
Occupations, Housing, etc. The last volumes to appear are the 
General Tables and the CJeneral Report; these ct>nsiitute a sur- 
vey of the main findings of the census. 

The data collecled during the census also forms the basis for 
certain special studies by the Registrar (icneral which are only 
practicable giv'cn the most accurate data available. They arc 
described as the deccnnuil supplements and of these the most im- 
portant are the life tables and analyses of oc^ei/pctfional ntartuUty, 
In passing, reference should be made i4> the publicaiit>ns of the 
Royal Commission on Population, in particular the impi>rlanl 
study of fertility conducted by Professors Glass and Grcbenik. A 
list of references is given at the end of tliis chapter. 

Having rc\iev\ed the main statistical information collected by 
the G.R.O. vve must ni>w consider the various uses lo which 
these data are pul and the form in which they are published so 
that they may be correctly interpreted. 

TAB! F 45 

Pori’l/MION oi' Im.I. .\Nf> AND vV'AflS 1841 


C ensus 

Population 

Ahs*’ lie Increase 

Occcnnial 

Year 

(XX)\ 

tKKKs 

Percentage increase 

1841 

15,914 



1851 

17.928 

2,014 

12 7 

1861 

20.066 

2,138 

119 

1871 

22,712 

2,646 

13'2 

1881 

25,974 

3,262 

14-4 

1891 

29.(X)3 

3,029 

11-7 

1901 

32.528 

1 '.525 

12-2 

1911 

36,070 

3,542 

1 10 9 

1921 

37.887 

1,817 

50 

1931 

39,952 

2,065 

5-5 

1941* 

1 41,748 

1 ,796 

4-5 

1951 

! 43,758 1 

2,010 

! 4-8 

1957* 

44,907 ! 

1,149 

4 4t 


• Mid-year estimates; these were not census years. 

t Adjusted on to a decennial basis. Source: Annual Abstract of Statistics, 
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Table 45 provides some basic data relating to the trend of the 
population of Fngland and Wales since 1841. Although the first 
census was taken in 1801, it was not until 1841 that the newly 
created G.R.O. was made rcsp<msible for the census. The earlier 
census totals were undoubtedly too low due to omissions, and 
comparable iigures exist ctl'cctively only since 1841. ‘ It is note- 
worthy that the basic procedures followed for the conduct of 
that enumeration have changed relatively little in the succeeding 
century. The various headings in Table 45. are solf-explanator>^ 
Two other definitions of the term ‘population' arc used in the 
otficial populaticm statistics of I ngland and Wales. The popu- 
lation figures published since the end ol' the last war are ‘home\ 
‘'civilian' and "itUal . 1 he population includes the members 
of the Armed borces (d an\ other nation who nniy he stationed 
in this coLintry as well as the indigcfu>us population, but excludes 
Brilish'-boi n Armed I i>rv:es who arc stationed overseas. The 
civilian pi>piilation comprises the ‘home’ populaticni less all 
Armed Imuccs. /.<*., British and foreign, in tliis country, while the 
rota! pi»piilatit»n is an estimated figure of the civilian population 
logelhet with tlie Armed 1 orees oi I ngland and Wales wherever 
lhc> may be stationed, / r . at home or ah' oad. 'fhe *lu>me’ popu- 
laiitui IS the figure most ncarlv comparable with ilic pre-vvar 
population esimsaics. The following table taken from the Com- 
mentaiy e>r the Annual Review illustrates these figures. 


TAHLl. 4t> 

iSUMMU) I t.Ntjl VNlJ \NilJ Wai J S, Mlf>- 1955 , IXXV.s 




.Mdlcs 


1 cmales 

lolol 

44.<.23 

21,509 

i 

23,054 

1 loinc 

i 44,441 ■ 

21,3S9 

j 

2^.052 

t’wiiidn 

1 4J,9I<» 



23,037 


Tabic 47 supplements the data in Table 45 with the inter- 
census totals for births and marriages and enabling a rough 
comparison to be made between the figures for each decade by 
calculating the corresponding rales which are defined in the foot- 
note to the table. The legitimate ./tTr/V/n* rate is an improved 
measure of the birth rate since the births arc related to the 

^ l of uodc: -V x*uxinnR ti'i IHOL ‘1 1, *21 and ccnsaccs. »s proMttevl b> tne ahnotmalU high 

intc'i'-vco'vtil in,.rca<tcs in popui.itu^n I inv'rcjvcs can \>nU be c\piatncJ b> boih ihc natural 
tiuiCAiiC in tiMf porulniion and more «.omplete cnunteraiions im! Uw public became acciiMomed to 
the ccmu<t. 
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number of married women aged 15-44 instead of the entire 
population as with the crude rate* The illegitimate rate shown 
cannot be directly compared with the fertility figures in the 
adjoining column. It is simply the proportion of all live births 

TABLE 47 


Marri^cjf and HrRiH Rm>s, Lnoi and and Wai-VS* 1841-1957 







1 cmii- 

I'.iatc 



Mate 

Period 

Miirriayes 

lXX)’i 

Man t.iKe 
Rule* 

live 
Htrths 
(XX)- s 

Crude 

birth 

nicgiti- 

mate 

rate* 

(nfatit 

Moiliiiify^ 

births 
iwr 1.1H)0 
lenutlr 









bii ih> 

1841-50 

1.355 

16 1 

5,489 

32 6 



153 

1.049 

1851 60 

1,602 

16 9 

6.472 

34 1 

281 ** 

6.5 

154 

l.(W6 

186 1 -70 

1,770 

16 6 

7,5(8) 

^5 2 

287 t 

61 

154 

1,042 

1871-80 

1.961 

16 2 

8.589 

35 4 

?9.S S 

50 

149 

1.03K 

1881-VO 

2.047 

14 9 

► ,89t» 

32 4 

274 6 

47 

142 

1.037 

ISdl PA'O 

2.394 

J .5 6 

^J55 ! 

29 9 

2.56 3 

42 

15 1 

J 036 

PiOl 10 

2,641 

15 5 

9.2‘'8 

27 2 

221 6 

40 

128 

1 .03 b 

1^.11 20 

3.tt76 I 

! 16 6 

H.096 

21 8 

! 1 7 ; 5 

48 

KMl 

1 .044 

30 

3.025 j 


7. 1 29 1 

IK 3 1 

1 143 6 1 

44 

72 

1.045 

1931 40 

3.615 j 

1 17 7 

6.065 j 

14 9 

1 nil 

4' 

59 

1.05 3 

1941-50 

! 3,671 ; 

17 2 

7.251 1 

1 

1 <> 9 1 

> 114 0 

1 

61 j 

43 

1.061 

1951 i 

361 I 

16 4 ] 

1 67S 

IS 5 : 

‘ 105 4 

1 I 

10 

! 1 ,060 

19S2 i 

1 349 1 

15 S 1 

1 674 1 

•5 t 1 

I 104 5 

1 

28 

1.055 

t9Sl 


!«• 6 

65% 4 1 

1 ' 5 

; 106 1 

4? ! 

! 27 

1.059 

19S4 I 

1 

H 4 

674 . 

15 2 I 

104 S 

! *»7 I 

25 

1 ,0.59 

19^5 

, 358 ! 

16 O i 

1 6(.8 1 

15 tl j 

1 1 

1 ‘3C> 

25 

1 .0f>0 

1956 

! 353 ! 

1.*^ 7 j 

1 7tMl , 

15 6 ! 

1 10*1 2 1 

1 47 

24 

1 .057 

1957 

1 347 i 

1 1 

,^4 , 

i ; 

H 6 

m 5 

1 4« 1 

23 

1 .060 


SithU* firti (trnt'Kit Hart it 


* Persons itKirritrJ per 1 ,<HM> pupuj*i(ion ot all ajzcs 
“ live birihs pc? J,4K>(i populaiior. *»! .til a^es 

•* Nunibei ot Icsitiinat*' biMhs. |»i-i l.(Hk) inanicil aijeJ 15 44. 

' Nuint'cr ol illc(^i(iiiiaic biiih'N I'cr i\»ial l»vc bjrihs 

'• Heaths ol infants iiiuicr 1 sciii ol up.e . !.'*<’ * loe births 

which is illegitimalc. In 1941-50 the illcgitimae> rate was hi 
per 1,000 births representing that h I per cent of children born 
in that decade were illegitimate. Th-- relationship between male 
and female births shown in the final column should be noted. 
It is a feature of all populations that more males arc born than 
females but the ratio of male to female births is remarkably 
constant. This fact provides a useful check on the reliability of 
the registration sy.slem in those couttirics which arc only begin- 
ning to develop their vital statistics and especially where female 
babies are considered inferior to males and may not be regis- 
tered. The infant mortality rate is the number of deaths in the 
year among live-born babies under one year of age expressed as 
a rate per 1,000 of all live births recorded in that year. Strictly 
speaking, this method vvill give inaccurate results if the number 
of births fluctuates sharply from year to year, since many of the 
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deaths in one year relate to births of the previous year. As a rule, 
however, this conventional method of measuring infant mor- 
tality is sufficient for most purposes. 


TABLE 48 

POT'III.AIION O* EN<^lANf> ANI> WaITS, 1841-1951 
Proporlions per 1 ,000 of each Sex 


Sex - Age 

1K41 

1871 

1901 

1 1931 

1951 

Males 

(L 

i 

257 

261 

229 

! 

167 

169 

10 - 

214 ! 

209 

209 

174 

134 

20* 

172 

162 

178 

174 

144 

30- 

128 

125 

139 

142 

149 

40- 

96 

99 

105 

126 

152 

50- - 

M 

73 

72 

no 

114 

60 h 

69 

71 

68 

107 

138 

All Ages 

1 .(KKI 

13XX1 

1,(X)0 

1,CXK) 

L(X)0 

I cniales 

0 

i 

247 i 

248 

! 215 

i 150 

! 

i 149 

lU 

2(M i 

197 

1 197 

1 159 

! 124 

20 

! 184 

n 

1H7 

1 169 

I 139 

30 

! 1 29 

130 

! 142 

1 151 

1 143 

40 

j 96 

102 

j lOS 

' 135 

f46 

50 

65 

74 

; 74 

i 112 

124 

()>0 ; 

i 75 

1 78 

1 

; 80 

1 124 

! 175 

All Ages 

1 1 ,(KK) 

! 1 ,(XK) 

j 13KX> 

1 ,(XX.) 

I 1 .(HX) 


SiHirct^ Rrji* (n neuif 'innuaf Afrurn 


/\i:nrc yi 

PorM LM i»r, PvRAMins: LNt,i am> ani> Waits 



i ooo looc* o locc o ■ixx' 
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Table 48 gives the breakdown of the population at selected 
census dates into 10 year age groups for both sexes. The feature 
of this table is the rising proportion of the population in the 
higher age groups. This characteristic of the present-day popu- 
lation is brought out by Figure 20. This type of diagram is 
known as a population ‘pyramid'. The ‘middle-aged spread' is 
very marked in the pyramid representing the 1951 population, 
w'hile the relative youthfulness of the 1891 population reflected 
in the broad base and narrowing at the upper ages is equally 
apparent from Figure 20 (page 292). 

One reason for this trend is given in the rollow'ingTablc49 which 
is based on extracts from a scries ot life tables which has been 
compiled from successive censuses. The calculation of a simple 
life table, known as an abridged table, is explained later. For the 


TABLl- 49 

LxFfCi A 1 ION oi Liic, Maiis, I'.Nta ani> ano Wams 


Ago 

184! 

1 1 S70-2 ' 

' _ . 

i 1 

1900-2 1 

1 

1 1910-2 

* 1930-2 

1950 2 

“ ' o "”1 

4(^ 2 1 

1 40-4 j 

45 9 1 

1 3| 5 

58 7 

66*4 

s 

496 

i 49 8 

54 1 i 

1 57 1 

60 1 

(AO 

lo 

47* 1 

! 46-7 ! 

50 1 1 

1 53 1 

55 K 

59 2 

15 

43*^ 

42 7 1 

1 4^-7 ' 

' 48 6 

51 2 

54-4 

20 

19 9 

1 <s 9 ! 

41-5 i 

1 44 2 

468 

49 6 

2^ 

36 5 

35 4 i 

: 37 4 

, 40-0 

42-5 1 

45() 

35 

29 S 

2H 7 1 

1 29 5 

31'7 

339 

35-6 

55 

16-7 

16 1 

1 15 9 

1 16 9 

I7'9 ! 

18-3 

75 

6-5 

i 6(1 I 

i 

1 6-5 

64 

(rJ 


S(ua\'e Reu. (ietieral Annual Revu'w s^ Part ! 


present it is sufFicienl to noie that the above data indicate that a 
male child born in 1841 would on average have lived only 
40*2 years; one born in I95L howe'^cr, could expect to live 66*4 
years. The female expectation of life at all ages is higher than that 
for the corresponding male age group but reflects the same 
trend as for males. The improvement in the expectation of life 
for both sexes over the pi\^i century is directly attributable to the 
marked reduction in the death rate in the first year of life which 
is reflected in the rapid and contiiin.^iis fall in the infant mor- 
tality rate (Table 47). The chances of survival in the middle years 
of lifc are also better now than in the nineteenth century, but the 
change is nothing like so marked as in the first year of life. In 
contrast, as is clear from Table 49 above, there has been little 
significant improvement in the mortality rates of the highest age 
groups. 
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lEHilii and Fi^tiUty Rates 

Any statistical analysis at some stage involves the com- 
parison of data relating to different populations or at different 
periods for the same population. Much has been made of the 
point in earlier chapters that the first rule of all statistical 
analysis is to compare ‘like with like'. This rule is especially 
important in the case of vital statistics. In 1939 there were 
614,479 live births, 1947-886,633 and in 1954-673,651. Such 
annual comparisons are more usually made by calculating what 
is known as a cnuk- birth rate derived by expressing the number 
of births as a proportion of the population in that year and ex- 
pressing the fraction per 1,000. Thus for 1939 the rate was 14-8 
614,479 

per 1,000, /.<*., j". AjTiviri ' The corrc.sponding crude 

rales for 1947 and 1954 were 20-5 and 1 5* I per 1 ,0(X). The reader 
will appreciate that ihe main tluctuations in the annual crude 
rates can be explained b> the circumstances of those years, but a 
valid comparison can hardly be made unless it can be assumed 
that the age and sex structure the population has remained 
constant over that period. The so-callcd crude birth raitT is a 
useful but only approximate measure of a nation’s fertility 
which determines whether or not its population will increase or 
decrease in the hmg run. t\>r example, it puzzled many people 
before 1939 why so much concern was expressed regarding the 
falling crude birth rate when the ti>ial population continued to 
rise. All that was happening was that f>eople were living longer 
and the number of deaths for the time being was low. Despite 
the lower birth rate llie otVcct of lower mortality on the popu- 
lation size was to leave a larger number alive but of greater 
average age. Ultimately, the population would fall sharply as a 
large proportion of its members reached old age and died about 
the same lime. 

The number of births can be expressed as a rate per 1,0(X) of 
the population: this is the crude rate discussed above. Since the 
population at any time contains a considerable number of 
children and aged people who are incapable of reproducing 
themselves, the practice of relating births to such a base is 
justifiable only on the grounds of its simplicity. The number of 
children born at any time depends primarily on the number of 
married women in the population between the ages of 1 5 and 44, 
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/.c., the reproductive years. The term ‘primarily* is used since 
births are not dependent solely on the actual number of women 
in that age group. Since they are nowadays able to regulate 
the size of their families, the number of births can fluctuate from 
year to year without any change in the number of such women. 
Also the number of illegitimate births isrclaiivcly small ; Table 47 
shows that it tends to be around 5 per cciu of all births. It 
follows, therefore, that the key to the birth rate is ihc number of 
married w omen aged 1 >-44. If the number of live births in a year 
are expressed as a rate per i,0(K) i>f inariied women in that age 
group, we get what is kn<n\n as the legitimate fenihty rale. I he 
Registrar General also caieulaies an illegnnnale fertility rale 
based on the number of illegiiima.ie biiihs and the number of 
single and widowed w-anen aged 15 44. 

The trend ot‘ the legitimate feriiiitv rate during the past cen- 
tury is shown in fable 47 I nun the sa?ne table it appears tliat 
while the number <'>f biiths liom decade l(^ decade has not 
changed very greatly, the growth m the si/c ol the population 
and the incMtablc accompanying increase in the number of 
married women <'f icpriKluciivc ages has greatly increased. In 
consequccrce the tertilnv rale ha^ fallen steadily throughout the 
period >MKe 1.S7!. 

l.*nfoilimaicly. even the teilility rale siilVcrs from certain 
wcakncNses as an indication of population trends, fo assume 
that the leriilily of women l,*naal^ unchanged diirmg ihociuire 
reproductive period is ignore all the evidence, ( in rent ex- 
perience shows that it is the fust 7 vetirs of married life which 
are the mosi impv.niant fc>i child-bea? uig. I hus. m the long tun, 
if the age structure ol llic married female pupuiaiion changed 
marketfly wiihin the i\mge 15 -14 years, Ific fcnilily rates would 
be aft'ected. Such disiurlion t^rtiu-sc rates can be overcome by a 
technique td’ age standardisation. 1 lus m\v>l\es comparing the 
actual number of live births recvuded for a female pc^pulation of 
a certain age structure vdth ilic number of births which would 
have occurred if femaks at ilujsc ages had borne children at 
certain selected rates. These standard' rales may be selected 
quite arbitrarily, but rates for I93X luive been used by the 
Registrar General for post-war comparisons. Various tech- 
niques, some of considerable complexity, have been employed by 
demographers to meet these problems of measuring the trend of 
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fertility. The best known and one of the simplest of these 
measures is a reproduction rate, which is simply an index of the 
extent to which the current female population of reproductive 
age is replacing itself. 


ReprcMluction Rates 

This index of replacement is obtained by estimating the 
average number of female babies bom lo women at each age 
during the reproductive period of their lives, if they were to 
experience certain fertility rates. The basis of the index is fairly 
obvious; if each woman in the present generation bears one 
female child to replace her, then the population will remain 
constant. Note that the ratio of female to male births is fairly 
constant so that in the population as a whole, for each girl there 
is a boy child born replace the husband. For purposes of 
calculating this index of replacement the female population is 
classified into 5 year age groups and usually, but not invariably, 
current fertility rates arc taken as a measure of future fertility. 
By expressing the expected number of births to all women*in any 
given age group, /.c,, married and single, as a rate per thousand 
women, wc derive the r/ei' specific fertility rale. By aggregating 
the age specific f'crtiliiv rates for each five year age group and 
adjusting this rate lor female babies only, \vc obtain the Gross 
Reproduction Rate. Ihal is usually written G.R.R. Although 
both a male G.R.R. and a joint Ci.R.R. may be calculated, it is 
customary, and for most purposes suflicicnt, to calculate the 
female Ci.R R. only. This rate has the value of I (unity) if 
sufticient female babies are born to replace the present gener- 
ation of women of reproductive age. If the G.R.R. is greater 
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than unity, then it signifies that current fertility is more than 
adequate to ‘ replace ’ the present population. If lower than 
unity, then the reverse applies. 

The calculation of the G.R.R. is illustrated on previous page 
from data relating to 1947. 

For the 15-19 years group, the rate of 19-41 per 1,(XX) is de- 
rived by dividing the total number of women in that age group 
into the number of births, /.c\, 27,639 divided by 1,424. The 
calculation is repeated for each age group. 

Since the above data relate to one year's births only, and each 
age group covers five years, the fertility rates have to be adjusted 
to the same basis. The aggregate oi the various age-specific 
fertility rales is 540*9 for one >ear; if the same fertility rates 
were experienced for fi\e >ears the figure would be 540*9 ^ 5 or 
2,704 children per l,0tX) women. 

The total fn e year fertility rates must next be adjusted to take 
account of female babies only. Of the 878,032 births occurring in 
1947 it is known that 426,024 were female; thus the proportion 

426 024 

of female babies is given by ^ 7 ',^ ^ 3 -, 0-485. 1 he aggregate of 

all rates for li\e >ears ct|uals 2,704 and this is multiplied by the 
ratio of females in the babies born, i.c., 0'4S5. This yields a pro- 
duct of 1.312 female children which, expressed per 1,(X)0 women 
is equal to 1-31 (to 2 dec. places) female children per woman. 
This is the female G.R.R. which can be described as the ratio of 
the total number of daughters born to the number of women in 
the original cohort; in this case I, (XX). Sometimes the age specific 
fertility rates based on female live b.'^ths alone are given; if this 
is the case the correction just illustrated is, of course, un- 
necessary. Then the female fertility rates for each age group are 
multiplied w ith the number of women in each age group and the 
products summed to give the female G.R.R. 

The G.R.R. takes no account of the fact that some of this 
cohort or generation of women wdi not survive to 15, while 
others will die at intervals as they pass through the reproductive 
period. It overestimates, in effect, the number of children this 
generation of women w'ill bear. If. however, we calculate through 
the lives of these women the proportion of survivors at each age, 
and apply only to these survivors the fertility rates corresponding 
to the successive age groups, we can then estimate the number of 
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female babies who will be born to replace the present cohort of 
women as potential mothers. Such a rate is known as the Net 
Reproduction Rate, or N.R.R. 

The calculation of this rate is slightly more complex and is 
given below. The third column headed /x shows the number of 
women in a cohort of I0,0(X) female live births who survive to 
given ages, 15, 25, and so on, until the end of their repro- 
ductive period. These figures arc derived from the female life 
table. The construction of such a table is discussed later. The 
figures in the /y column signify that of every 10,(KK) female babies 
born, 9,645 of them will, if subject to the mortality rates on 
which the life table is based, survive to their fifteenth birthday, 
9,607 to their iwcnliclh and so on. 
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rhe next column (4) is derived by adding together successive 
values in the /v column, and the figures in column (5) arc the 
result of dividing the aggregates in the preceding column by 2. 
The purpose of these calculations is merely to adjust “ albeit 
approxnnaiely - the number of women in each age group to the 
number of women alive mid-way through each of the relevant 
five year periods. This figure gives an estimate of the number of 
women in each age group wh(>, on average, in each five year 
period are alive to bear a child. Since we are dealing with five 
year groups, the foregoing average must be multiplied (in 
column 6) by 5 to give the cfTective number of women in the 
various age groups capable of reproducing themselves during the 
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five year period. That column is headed 5Lx and is simply the 
total years of life lived within each five year period by the sur- 
vivors to those ages of the original 10,()6o female babies. 

To each figure in the column headed 5Lx we apply the cor- 
responding age-specific fertility rate, giving the products in the 
next column (7). The sum of these products represents the total 
number of babies of hath sexes which will be borne by the 
original 10,000 females by the end of their 44th year if their rate 
of survival is as shown by the /y column (ct>lumn 3) and the 
fertility rates for each age group are as given in the second 
column. As before, the total is then corrected for female births 
only, i.i\, 256,870 x 0-485 124.582. This total is then expressed 

124.582 

as a rate per 1 ,000 women, /.<*., ^ 1 -245 or 1 -25 (to 

2 dec. places) which is the value of the Net Reproduction Rale 
for 1947. 

If the N.R.R. is equal to unity, it signilies that despite 
mortality among the uonien who may be expected to bear 
children, the current female population is replacing itself. If the 
N.R.R. is above unity then the p<^pulalion is being more than 
replaced. Between 1S61 SI the N.R.R. reached a rate of 1*50 
which is equiv alent to the population doubling itself every thirty 
years. Such a rate was quite exceptional, it .seems that for much 
of the last century the rale ol’ births in this Ci>untry was as high 
as has been recorded anywhere in the world. If, as was the case 
just before the last war, the N.R.R. is helow' unity (it w'as 0 81 in 
1935 8), then if it remains below unity at some future date a fall 
in the population si/c is inevitable. In the immediate post-w^ar 
period, the N.R.R. in England and Wales was above unity, /.e., 
the rate of births was more than sufficient to ensure the main- 
tenance of the then existing population. 

When first developed by Dr. Kuc/ynski before the war, the 
N.R.R. was believed to provide the basis for reliable population 
projections, but the limitations of the index, for it is primarily an 
index of replacements, soon became apparent. The main weak- 
nesses of the N.R.R. arise from the need to make two assump- 
tions which virtually determine the result. The first is the need to 
assume a rale of female mortality to determine the Net R.R. as 
distinct from the Gross R.R. Mortality is not liable to significant 
fluctuations, so that as a potential source of error any forecast 
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regarding its future course is probably not very serious. In con- 
trast, however, the age specific fertility rates used in calculating 
the G.R.R. are forecasts of future fertility. It is customary to use 
the rates current at the time the forecast is being made or some 
alternative which can perhaps be belter justified. But they re- 
main no more than guesses. Future fertility depends primarily on 
two factors, i.e., the rate at which people marry and the rate at 
which married couples build up their families, and both of these 
factors are highly susceptible to change even from year to year. 
It follows therefore that any assumptions regarding the fertility 
rales appropriate for the calculation of the N.R.R. must postu- 
late certain bchavit)ur patterns in respect of these two influences. 
In other words, the N.R.R. can merely Icll us what will happen 
to the population if the assumptions underlying its calculation 
remain valid. The statistical sub-commilice of the Royal Com- 
mission on Populalii>n cvnisidered \arious alternatives to deter- 
mine the extent to whicli a given population was currently 
replacing itself. Attempts have been made to take into account 
the duration of marriage and the si/e of the existing fanaily of 
married couples in estimating future fertility, but so far the 
demographers have n<n succeeded in devising a reliable measure 
of population trends,' 

l ife Tables 

rablc 4*^) showed liow the expectation of life had improved 
over the past century. 1 hose data were based upon successive 
life tables which have been prepared for the Rcgistrar-Cjeneral 
at intervals throughout the past century. The practice has now' 
been established that a new' table is prepared on the basis of the 
data derived from the latest census. The latest official life table is 
the eleventh w hich was calculated on the 1951 population using 
the mean annual death rales for the three year period 1950- 52.® 
It is considered better to use the average death rates of such a 
period rather than the mortality experience of any single year, 
since that may have been subject to abnormal influences, e.g.^ an 
influenza epidemic which markedly increased the death rates for 
certain age groups. 

^ Site, however, the Appendix I to the Rcpi>rt of the Royal Commission on Population. 

l.ite tables ore alxo prepared for tntcr-ccnsal years (see any recent Annual Abstract of Statistics) 
hut the 'official* I:,ngiish Life Tables are based on the i.en«us popuUition as eaplained abo\e. 
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Life tables have a long history, the earliest in England being 
calculated by John Graunt in the 17th century, but it was the 
development of life assurance which emphasised the need for 
such tables. The first official or English life tabic as it is known, 
was compiled by Dr. William Farr of the G.R.O. in 1841 on the 
basis of the census returns of that year. These official tables are 
known as ‘English Life Tables' (separate tables are prepared for 
Scotland) and have been prepared dcccnially since 1841. The 
latest is No. 1 1 , an excerpt from which is given in Tabic 50. These 
tables are to he found in the slim booklet entitled Life Tables 
19."^1 published as part of the decennial supplement to the Census 
of Population volumes. Life tables are prepared for each sex and 
each year of life on the basis of the population census data which 
provide the most accurate informaiii)!! regarding the age distri- 
bution of the population that is ever available. 

The life table pn'vidcs two pieces nf information, first, it 
traces the mortality experience of a hypothetical population 
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from birth to death. More precisely it shows what proportion of 
a hypothetical population, all of ifo same age, will survive to 
any given age. This information is contained in the column 
headed /jin Table 50, from which maybe read the number of ‘lives’ 
surviving from year to year or, in this illustration from decade to 
decade. Thus, according to the English Life Table No. 1 1, from a 
hypothetical 100.000 born, 95.866 males, or nearly 96 per cent, 
will survive to their tenth birthday, just as their number will 
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diminish to 91,968 by the fortieth year, if this hypothetical 
population is subject to the same mortality experience as the 
actual population on which the table is based. In short, the Ijr 
column is concerned with survivorship from year to year. From 
these data it is possible to calculate a second set of data which is 
given in the column headed This is the average expectation of 
life at any age, i.e. the average future lifetime which would be 
lived by persons aged a' if subject to the death rates on which the 
life table is based. For example, for a male child at birth the 
average expectation is 66*42 years, at age 10 the corresponding 
figure is 59*42 years and so on. It is important to realise that this 
does not mean that every child born v\ill live 66*4 years; this is 
nonsense. It simply means that if we add up all the years lived 
between them by this particular population of 100,000 males, 
they will live ou aycra,^c 66*4 years. Some will live longer, others 
will die early; but taken as a group they will on average live that 
span. 

In a full life tabic such as English Life Table No. 11 the sur- 
vivors are given for each year of life from birth to 105. Similarly 
the expectation of life is given at each single year of age. It is on 
the basis of such data amimg other information such as fertility 
rates that the Registrar-General can estimate the si/c of the 
future population. 11ic life otTiccs base ihcir assurance pre- 
miums oji similar data. Between censuses, when the age distribu- 
tion of the pt>pulation ean only be estimated, the Registrar- 
CJeneral prepares what arc known as itbriJ^cd life tables. These 
arc reproduced in the Annual y\hsiract of Statistics as well as in 
the General Register Oflicc publications. Instead of calculating 
the Ix and values for every year of life between birth and ages 
over UX), he groups the data as in Table 51. The first five years 
of life are set out singly; then from 5 to 25 the age groups are 
grouped in five-year intervals, and thenceafter in lO year groups 
up to the final groups of 85 and over. This greatly reduces the 
amount of calculation ai\d while the results are only approxi- 
mate, as will be seen, the divergence between the results from a 
full life table and an abridged one is for many purposes not 
significant. During the ages from 5 to 25 the quinquennial 
grouping, as w ith the ten year grouping from 25 to 75, is per- 
missible since the average death rates for each quinquennium or 
dccennium are reliable guides or averages of the death rates for 
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each of the grouped years. In other words, in such short periods 
the death rate does not vary significantly. In the first few years, 
however, especially the first year, the year to year variation is 
marked and grouping of the first five years would not provide 
reliable results. At the other extreme, for the age group 85 and 
over, the mortality rate used is again approximate since it is an 
average of all the annual rates from 85 to, say, 105. But even if 
there is her.^ a large degree of approximation, the numbers of 
survivors is so small that the overall picture is not affected. The 
calculation of such an abridged life table is illustrated in Table 
51. 

While the lay-out ofTable 51 (pp. 306-8) appears complex, its 
actual form, as will lx- seen, is determined primarily by the 
nature of the calcuLuio^is. Reference to fable 50 w'ill show' that 
only five columns, apart from the age distribution, are repro- 
duced in the English Life Table No.ii. There are twelve in 
Table 51 and t>f them only two, ] ^ and i\ appear in the English 
Life Table. All the other columns in I able 51 are working 
columns. The (irsl seven are needed to provide the /, values, 
i.e. the number olTi\es at each age v, and the remainder to give 
the l\ values which arc derived from the 7, values. The first three 
columns of Tal)lc 51 are self-c\plaiiati)ry. They show the number 
of males by age enumerated at the 1951 census, adjusted to show 
the number at mid- 1 951 . 1 he third column of Table 51 gives the 
lc»ial numbei ol male deaths each age recorded in l .ngland and 
Wales during the three year period 1950 52 inclusive. The next 
column (3) is the result of dividing the number of deaths at each 
age by three to adjust them to an amuial basis and then by the 
population of that age given in the second column. T he resultant 
figure is a crude rate of mortality for that age group, written 
Thus the rale for the first year of life is *03402 or 34 per 1,(XX) 
of the population of that age. These are known as central death 
rates since they arc based on the mid-year population. 

For purposes of a life table the crude ‘centraf mortality rates 
given above require adjustment. The population figures in 
column (1) are the 1951 mid-year estimates. Since the deaths 
occurring in any given year of life are usually spread over the 
entire twelve months, the actual population of any age which is 
at risk from the beginning of the year can be estimated by adding 
half of the annual deaths at each age (JD) to the mid-year popu- 
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lation at that age (P). The probability of dying at age x, repre- 
sented by c/x, can then be written -- ^“ 77 ; • The chances of 

dying at any age are directly related to the actual death rates 
which were represented above as nix -- D/P. By multiplying 
both sides by P, this relationship can be re-written Pnix — D. 
Substituting this in the formula for the probability of dying at 

age X, /’.e., qx - " p . ^c‘t p which by eliminating 

the P’s give This multiplied by 2 to remove the fraction 

yields; 2 7^7* repeated, is the formula for 

obtaining the value of i.e., the probability of dying al age a-. 

In any year of life .v the probability <'*f survi\al for the period 
of year a- is represented by the symbol /^v jtist as the chances 
of dying during that year arc represented by c/x- Thus : r/,, ~ ■ 

I or certainty. In other wi>rds, the chances of survival can V>e re- 

written as I - c/x and since c/v “ then p^ 1 — 

2 ‘ /iiy 2 r rn^ 

2 i m, 2m, III * -- r- 1. 

. . which reduces to p^ * • wSince the 

2 • m, 2 ^ ' 2 r m, 

values of nix for all relcvaiu values i^f \ are given in column (3) of 
Table 51 the probability c>r survival between any age a to .v 
4 1 can be derived. 

It is this formula which must bo applied to the crude death 
rate at each successive age. To illustrate the calculation of px the 

numerator and denominator of the fraction _ - fi>r each 

2 * ///,. 

value of ///x arc set out in column (4) of Table 51. 

Take, for c.xarnplc, the first line where ni^ is equal to 0 03402, 
which rounded to four figures is 0 0340. This, subtracted from 2 
for the numerator and added to the denominator, gives the 
values show n in the nexteolumn (4), /.c., 1 •9660and 2*0340. In the 
next column, the logarithms of these values are set out and the 
one value subtracted from the other. The reader w ill recall that 
subtraction of the logarithms of two numbers provides the anti- 
logarithm of the quotient when those two numbers are divided 
one into the other. The value of the anti-log 7-9853 is 0-9668 
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which is the value of px at age 0. Lack of space makes it im- 
possible lo insert a column of px values, jusl as it is not possible 
to show' the c/.x values; but they can both easily be derived from 
the data given and the student may like to perform the necessary 
calculations. Strictly speaking, the p x rate for the first year of life 
needs to be calculated dilTerently, since the a\cragc life of those 
who die in that year is barely 2 months. But tins does not alter 
the basic principles of consirucling the life table. 

Once the probability of sur\ i\ al during the first year of life is 
known, we can calculate liow many of a generation of I0,(KX) 
new born rnalcN w ill Mir\ i\e to ihcir first birthday, /.e., start upon 
their second year 6f hfc.' All that is needed is to mulliply the 
number of males ali\e at the beginning of the year (/x) b> the 
probability of suixiva' (px)- Thus, for the first year there are 
10,0(K) males with a probability 4'f sur\i\al of 00668; so that 
0,66tS of the original gcneralii>n of iO,tK)0 t inbark upon the 
sccimci >car of life. In Table 51 this calculation iN siiown in 
cx»lunin 7; the upper figure i> the logarithm ol the value, /.r., 
the log. ot‘ lO.tKK) is 4*0iMK) and the log. c'f /^v which was already 
obtained in column (5) is 10855. The anti-log., t c., Iheir sum, is 
.5*0853, winch is set out below the first two logs and its value 
9,6(-»8 is inserted m the /v column (6) indicating that such a 
number olTivcs arc at risk at the beginning oi'that next year. 

1 he entire calculation described in the preceding paragraph is 
icpcaicd for the values op;'(^sito age 1. The niy value is adjusted 
give the numerator and dciioniinatt>r of the fraction which 
gives the value of Px, Ihc log. of/?., /.c., 1*9902, is added to the 
log. o f 9 , 668 s h< 1 w n i n exfi um n ( 7 ) win ch gi v cs l h e a n I i -I og . , 3 • 9 84 5 , 
of the product of px ^mid /a where a is /. I his figure is then 
carried down to give the number ol‘ males alive at the beginning 
of the third year, /.c., 9,649. 

When we come to the age group 5 . there starts a quin- 

quennial as opposed to single year grouping. 1 he fraction for 
deriving the value p.x has hitherto been based upon single years, 
, . - .. , 2 5///, 

but for the five year age groups it is adjusted to 4 

This change is explained by the fact that if the mortality in any 

* It tti»iotnar> to iktart wiih a hvfHithtflical r*npulatifin of malt- ft*r ft-tiicilc) birth-* Tbif iis often 
termed a radi« B> c^>n^eitnon the actual numbei mas be l.(MX). or J0,tXH>. or 1 lie Rcisi«- 

irar Ooneral > lifr table pr<ipcr uses KtO.OtK), vtrhilc in the ahridfieii table ts custoiirtaiily 

adopted as the original radix. In the above liJuatiatton, the fiMxrthccical population will con.«itc of 
lO^OM cnaJes. »ub;cct to the mortality rate* experienced by males in £n«Jand and Wales in 1 950*52. 

L 
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mjc - ■ central ilcnlh rale of age gioup .v to x . j Tx total year's of life lived by entire generation to age x. 

lx ' numiier of a generation surviving to age a* 0 .iseragc length of life of those surviving to age x. 

Px proportion of the generation surviving to age < . 1 having 

reached age r, 1 Since lx ex Tx then U,. 831 • 3*67 r„. 

Lx ” total years of life lived by the generation between ages x - 3050. 
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single year is given by then in a period of 5 years, each 
assumed to be the same iis the other, the mortality will be five 
times as great in a population starting at the beginning of the 
first year of the quinquennium. To facilitate the calculation of 
mx whereby v\e derive the logarithm of 5px. the fraction is multi- 
plied by 2 to \ield J It is easier to multiply nix by ten, 

than by fl\c! 1 he reader can check the (igurcs in columns (3) and 
(4)acci'rdinely ;4 minus lOiiii'.cs/;;^, i\t\, *()tX>67, yield 4 
3*99^. riie remainder of the calculations arc as described above. 
At age 25 there is a further change: the age grouping being 
altered \'\om five to ten \ears. 1 he formula for deriving must 
therefore be changed fVt>m its quinquennial form to 10 years, 
and so it becomes 2 lOm, divided by 2 : 10///^. Having ob- 
tained fr<nn this formula the log. c^f lO/b it is added to the log. of 
/v. i c. I to yield the anti -log. i>f the number v>f lives at risk at 
the beginning ol' the fi>)lo\viMg peiivul. The calculation is re- 
peated for tlic remaining 10 \ear age groups. 

bor the age group ‘S5 and over' the adjuslmeni li> the ni^ rate 
to give the fMi>babilM\ of survival isdilVerenl fn>m that used 
hitherto. According to the full life table prepared by the 
Registrar CieneiaK there are survivi)rs aged 104 years. Hut the 
number of survivors belwecu ages of S5 and 105 is so small that 
detailed calculation is pointless: furthermore the assumption on 
which the earlier pv rales were based, that deaths arc spread 
evenly thrt)ughout the period is no longer valid. The full calcu- 
lations for these age groups arc far too complex for this book but 
a good appro\imatit>n to the value of derivevi by the Govern- 
ment Actuary is iibiained by calculating Ch;,. directly from the 
formula 1 niB-.. Note that the death rale represented by the 
symbol nK.-,. is simply an approximation to the average of the 
death rales at all ages of 85 and over. Hcnec w^e write 
instead of mB;.. which signifies the death rate of males during 
their 85th year only, f rom the data we get I/()'285 which equals 
3-67 years. This corresponds relatively closely with the expecta- 
tion of 3*48 years in the official 1 1th English Life Table. 

At this stage the information provided by the table enables us 
to derive the values of px and qx^ i the probabilities of sur- 
vival and death respectively at certain ages. The column lx shows 
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the effect of such rates on a hypothetical generation of 10,000 
new-born males, as they grow up. Thus 332 {dx) fail to survive 
the first year, leaving only 9,668 {lx) to celebrate their first birth- 
day. The number surviving to their 15th birthday (/15) is 9,568, 
and at 55 there are 8,341 of the original 10,000 still alive. But this 
is only part of the complete life tables: /.e., that part comprising 
the first four columns of Table 50 above, which w^as taken from 
the published official Fnglish Life Table No. 1 1 . The final 
column thereof is headed ex^ /.c., the expectation of life at age x 
and it is to the calculation of this figure that we now turn. 

C?olumn (8) is headed {lx f Ix i) and the first figure in it, 
19,668, is obtained by adding together the first two values in the 
lx column (6), /.c., 10,000 and 9,668. The next figure of 19,317 is 
the sum of the second and third values in the lx column, /.e., 
9,668 and 9,649. For the next value, the fourth will be added to 
the third and so on all the way down the column. Having done 
this the totals in column (8) are divided by two to give the values 
in the next column headed Lx- The purpose of this averaging 
technique must be clearly understood. Take, for example, the 
first two values in the L column, /.e., 10.000 and 9,668. From 
these figures it emerges that 332 lives were lost in the first year. 
Since it may be assumed that the deaths were spread out over the 
year, the average live population under one year of age was 
10,000 less 166 (^2*') which Ci>rrcspimds to the first value in the 
Lx column. In oilier words, the total period of life lived by the 
original I0,(XK^ males during that first IweKemonlh was approxi- 
mately 9,834 years. ^ At the beginning of the next year there 
were 9,668 lives at risk, but only 9,649 survived and following the 
same principle as before, wc estimate that they lived in the 
aggregate 9,658 years between year ^ and x ^ \- 

When vve come to the 5 year age groups an adjustment to the 
figures in column (8) is required. This column headed l.x + lx + 1 
should now be described as L- * lx , 5. for we are estimating 
the total years lived by the survivors during the quinquennium 
and not merely one year as for the age groups under 5. As 
before, the sum of the two successiv e values of lx -f lx 5 is 
divided by two and then the quotient multiplied by five to give 
the value to be entered in thcLx column, w hich from this point on 

* Alternatively, if 9,668 turvived the firTii year, they lived in total 9.668 years. 3J2 died, some at the 
befttnnins so that they may have lived onlv a few. day^. while others died at the end afterl I months, 
of lire. On average. ma> avsume the non-survivors lived 6 months apiece, or 166 y ears. Thus 
the original 10,QW batriin lived in all 9,6^ f 166 years, 9,834. 
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should be described as 5Lx. The explanation can be illustrated by 
reference to the figures corresponding to age 5 — . The lx 4- /* + 5 
values are 9,625 and 9,592; their sum is 19.217 which divided by 
two give the ‘annual’ population and this when multiplied by 
five yields 48,042. This is simply the number of years liv«i by the 
9,625 males who entered their fifth year until they reached their 
tenth birthday or died. This can be checked by a simple calcu- 
lation. If the entire group of 9,625 males who entered upon their 
fifth year had survived until their 10th birthday, they would have 
lived altogether 5 x 9.625 years, i.c., 48,125. In fact 33 of them 
(9.625- -9,592) died before the 10th birthday and if we assume 
they lived on average 2i years, they lost by their premature 
deaths 2i ■ 33 years of life, or 83 years in all. This figure taken 
from 48, 1 25 equals 48,042 years, which value is to be found in 
column (9). These calculations arc repeated for all the quin- 
quennial age groups to 2i)- . 

The next age group 25- - is a ten year grouping so that after 
adding successive values in column (8), dividing by two and then 
multiplying by live, instead wc now multiply the quotient by ten 
for the reasons already stated and gel the values in column (9). 
In this case they are IdLx- 

When wc reach the final age group there is only a solitary lx 
value left, in this case 831. The Lx value can only be derived 
indirectly from the i’x value of 3-67, the derivation of which was 
explained above. The values of Tx in column (10) arc obtained by 
aggregating all the Lx, 5Lx and lOLx values. Without Z.»r, the Tx 
column could not be obtained. Since is obtained by dividing 
Tv by lx, it is possible to calculate the value of T,,,. from the 
values of tVs- and /» 5 _ which are already know n. Thus wc get 3-67 
X 831 — 3,050 to give the value of which corresponds in the 
final age group, as will be seen below, w'ith the figure for Lm. 

By adding up all the values in the l.x column we get a total of 
664,658 years. This is the total duration of the lives of the entire 
10,000 males from birth until death. Since we started with 
10,000, the average length of life was 664,658 10,000, i.e., 

66-46 years which is the first figure shown in the final column 
headed ix To obtain the expectation of those who reach their 
first birthday, wc again add up all the years lived by the 9,668 
males who started from age I and divide the total of 654,824 by 
9,668 so that the average expectation of life for those surviving 
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their first year is 67-6 years.* The student may now perhaps 
understand why it is possible for the expectation of life to in- 
crease after having lived one year, i.e., at birth it is 66*4 and at age 
1 it is 67*6! The reason is that both values are averages and in 
calculating the second, the extreme low values {i.e., average life 
6 months) of which there are a large number (332) are dropped. 
The student will recall the discussion of the arithmetic mean and 
how it was affected by extreme values, particularly where the 
corresponding frequencies were high. 

It is interesting to compare some of the values for in Table 5 1 
with those shown in Table 50 which is taken from the official 
life table No. 1 1 . It will be seen that the divergence at any age 
is at most 0-1 of a year. Thus, it can be seen that even with 
simple approximate calculations, results similar to those 
arrived by using what are known as graduation formulae can be 
obtained. 

The value of life tables is not solely that they are used for life 
assurance, or for making population projections, important as 
these undoubtedly are. Life tables can also be used, altiiough 
they are rather cumbersome for this purpose, for comparing the 
mortality experience of different populations, i.e. different in 
\oca.\!\orv as weW as diifercnyin time. Thus a country whose 

‘vc\ t\\e earXy years oi WiewWV ^nd 

V\\vs iact TciiccVcd w a more rapidly diminishing /, column 
than a country with a lower death rale. Similarly, the i\ 
values al each age will be lower, li is more ct>n\cniem, howerer, 
to compare relative mortality (and fertility) in clilVerenl popula- 
tions by means of wiiat arc known as stiiinlanihcti rales These 
are e.vpiained below. One last application of the life table prin- 
ciple may be mentioned. Instead of measuring the loss each 
year in a population from death, we can show the Moss' in a 
generation of spinsters to marriage. Starting at age 16 with a 
radix of lO.lXX) spinsters, we can calculate the ‘probability of 
marriage" instead of death, using the marriage rates of spinsters 
in a given period as the m, values. Both a gross and net nuptiality 
table can be prepared, the former taking only marriage into 
account, while the mt table also allows for deaths among 
spin.stcrs before they marry. An example of a net nuptiality 


^ la practu«. the result h i»chte%c\l bv takmjj ;i'Aav froiu the the total lives lived b> 

(he prc\K>tis asc-grou'p, t\f , 6<>4,65S ttrss ' 654,824. 
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table is given in the Commentary volume for 1956. 

REFERENCES 

An interesting application of life table principles is to be found in ‘The Length 
of Working Life of Males in Great Britain’, H.M.S.O. 1959. There is also a 
summary account of the method of constructing a life table which will supplement 
the above account. The decennial supplement on the E.L.T. No. 11 also gives an 
explanation of the construction of the table, but the exposition is mathematical 
since a different technique is used. 

Standardised Rates 

For 1957 the Registrar General’s Annual Review (Pait I, 
Table 12) gives the following information: 


Town 

Population 

Crude 

Crude 

Death Rate 

Birth Rate 

Clacton 

24,890 

15-4 

9-8 

Stevenage . . 

26,000 

5-3 

31-2 


According to these figures the death rate in. Clacton is almost 
three times as high as in Stevenage. One possible interpretation 
is that the former seaside resort is a thoroughly unhealthy placel 
This view could even be supported by reference to the birth 
rates which reveal a three to one ratio in favour of Stevenage. 
From this we might also conclude that the air in Stevenage is 
rather more bracing than the much vaunted ozone of the cast 
coast I Both these inferences arc ofctnirsc nonscns/cat in the light 
of our knowledge tjf these two dislricis. On the {fiber hand, what 
is the ditl'erence in respect of births and mortality in the two 
to\\n:> if it is not as shown in these crude rates?' 

According to the first chapter of this hook the primary object 
of compiling statistics is to enable comparisons to be made. It is 
essential to be able to compare the birth and death rales between 
dilfcrcnl areas of the country, but the contrasting ligures quoted 
above suggest that the crude rales arc unsuitable for comparative 
purposes. For a short period cor>parison of mortality and 
fertility experience in the population of one area the crude rale 
may be used since changes in the sex and age structure therein 
are usually slow to emerge. Differences in such rates, e.g., the 
crude death rate between two towns or regions, however, can be 

* The retevant figures ait given on p. 321. In pasting it may be mengoned Utai the New Towns, of 
which Stetenage is one. consist largcl> of young couples and the birth rate is abnormally high - an 
average of about 30 per 1.000. or double the rate tor England and Wales as a whole 
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attributed either to local conditions affecting mortality, a high 
proportion of aged in the population, or a combination of both. 
There are almost invariably differences in the age and sex com- 
position of the populations in different areas and the first step to 
comparing mortality (or fertility) experience in several areas is 
to eliminate or compensate for the influence of these factors. 
This is done by calculating in place of the crude rate, what is 
known as a standardised rate for each area’s population. 

The basis of standardisation as it is known is illustrated by a 
simple hypothetical example below. Two towns, A and B, with 
populations of about 80,000, record crude death rates of 14-5 
and 13-7 per 1 ,000. The derivation of these figures will be apparent 
from the three columns under each main heading. For example, 
in Town A, in the age group 0 — , there were 40 deaths in a popu- 
lation of 5,000 under 5 years which equals a death rate of 8 per 
1,000. The total figures, i.e., deaths — population, give the crude 
rates. Note that the crude rates for the two towns are not de- 
rived by adding the age specific death rates. The crude rates are 
in effect the weighted arithmetic means of the age specific death 
rates for A and B respectively. It is apparent that although the 
difference between the crude rates is relatively slight, the age 
specific death rates in Town B are higher for each age group 
except the last two. To permit a comparison of the mortality 
experience of the two towns, it is necessary to find out what 
would happen to a given, termed a ‘standard’, population in 
both towns. This population is given in column 8 and the next 
two columns show the number of deaths to be expected if the 
standard population were subject to the age specific death rates 
of towns A and B. Expressing the expected deaths as a rate per 
thousand of the stan^rd population, the standardised death 
rates for A and B are 8*9 and 10-6 per 1,000 respectively, i.e., 
890 

inn rinn ’ Other words, the death rates are higher in B than 

in A and the opposite conclusion, which could be drawn from 
a comparison of the crude rates, was due entirely to the more 
youthful population of B. This method of stan^rdisation is 
known as the direct method. 

It will probably have occurred to the reader that with this 
method of standardisation the actual ‘standard’ population em- 
ployed is a matter of indifference. Any population would do. 
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TABLE 52 

Calculation of Standardised Death Rates (Direct Method) 


Age 

Group 

(1) 

Town A 



Fown B 


Stan- 

dard 

Popu- 

lation 

OOO’s 

(8) 

No. of expected 
deaths in standard 
population if 
subject to 
mortality of 

A B 

(9) (10) 

Popula- 
1 tion 
OOO’s 

(2) 

No. of 
Deaths 

(3) 

Death 

Rate 

per 

1000 

(4) 

Popula- 

tion 

OOO’s 

(5) 

No. 

of 

Deaths 

(6) 

Death 

Rate 

per 

1000 

(7) 

0— 

5 

40 

8 

mm 

70 

10 

12 

96 

120 

5— 

15 

15 

1 


20 


24 

24 

48 

15— 

15 

15 

1 

Bh 

60 


20 

20 

80 

25— 

15 

30 

2 


114 


30 

60 

180 

45— 

25 

375 

15 

25 

500 

20 

10 

150 

200 

65— 

5 

400 

80 

3-5 

210 

60 


240 

180 

85— 

1 

300 

300 

05 

125 

250 


300 

250 


81 

1,175 

1 

14*5 

80 

i 

1,099 

1 

13*7 

100 

890 

1,058 


always provided that a straightforward comparison between the 
mortality of different years or regions is all that is required. 
Unfortunately, if the standard population were to be abnormally 
young, or old, then the resultant rates could be misleading. The 
point is that demographers still use the crude rates as a first 
approximation; a death rate of between 10 and 15 per 1,000 is 
typical of a progressive modem economy while a rate of 30-35 
per 1,000 indicates an under-developed community with a high 
death rate. It is desirable therefore that the standardised rates 
should approximate to this range of crude rates and for this 
reason the standard population used for calculating standardised 
rates should reflect the age and sex structure of present-day 
population. 

From the beginning of this century the Registrar General used 
as the ‘standard’ population the 1901 census population, but by 
the time the second World War started, the 1 901 population had 
ceased to be representative. It was an abnormally ‘young’ popu- 
lation while the population of the, 1930’s was markedly more 
middle-aged. Furthermore, the standard was remote in time; a 
more up-to-date standard was desirable. The Registrar General 
might well have taken the census population for 1931 as his new 
standard, but this too would in time have become out-dated and 
in any case, with the introduction of a new standard all the 
standardised rates for the earlier years would have needed re- 
calculation. There would also be a consequent distortion of those 

























316 


STATISTICS 


rates for the earlier years since the new ‘standard’ was so dif- 
ferent from the old. 

A new method was introduced in 1 941 which partly overcomes 
the problem of an out-dated standard population, by using a 
form of moving base. The standard population is derived by 
averaging the population of 1938 and the other year under 
review. The hypothetical number of deaths which would occur 
in this standard population if it were subject to the mortality of 
(a) 1938 and (b) the year under review, is worked out for both 
years and expressed as a rate per 1,000. The two standardised 
rates are then expressed as a ratio, obtained by dividing the 1938 
rate into the other. This ratio is called the Comparative Mortality 
Index or the C.M.I. Separate indices are calculated for persons, 
males and females. The base year is 1938; for which year the 
C.M.I. has a value of 1 -000, i.e., unity. Note that the two stan- 
dardised death rates for 1938 and the given year are derived in 
exactly the same way as was illustrated in the example of Towns 
A and B above. The only difference is that instead of using fixed 
‘standard’ population, the present method uses the mean or 
‘intermediate’ population between 1938 and the given year. 
Given the two standardised rates, e.g., for the years 1938 and 
1955, the 1938 rate is divide into that for 1955 to give the 
C.M.I. for 1955. The C.M.I. for persons in 1955 was 0-805, 
denoting that age for age mortality rates were almost 20 per cent 
lower than in 1938.* Note that the C.M.I. permits comparisons 
to be made only as between the rates in different years for the 
same category of individuals, e.g. males or females, or persons. 
The male C.M.I. for 1955 may be compared with the same rate 
for males in any other year. It may not be compared with the 
female or persons C.M.I. for that year or any other year. 

Comparative Mortality Indices measure, in relation to the 
base year 1938, the trend of mortality over a period of years. 
Indices have been worked out for each year back to the begin- 
ning of the century as well as for each quinquetmium in the 
period 1841-1951 (Table 3, Medical vol.). Reference to Table 4 
of any recent Medical volume of the Registrar General’s Review 
will reveal a column headed ‘Mortality Ratio’. This is derived for 
each year by dividing the C.M.I. of that year by the C.M.I. of 
the previous year. Thus, the C.M.I.’s for persons in 1954 and 

^ For a full explanation of the calculation of the C.M.I. see Reg. Cenerars Review, 1940-5, 194 U 
Part !• pp. 6-11, also Review for 1941, Part L Appendix. 
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1955 were 0-789 and 0-805 respectively, so the Mortality Ratio 
for 1955 is therefore 1 -020, i.e., 0-805 divided by 0-789, signifying 
that male mortahty rose in 1955 from the level of the previous 
year by 1-6 per cent. As with the so the Mortality Ratios 

have been worked right back to 1841-50.^ As from 1959, how- 
ever, the C.M.I. will be replaced by the Standardised Mortality 
Ratio. This is discussed below (p. 321). 

The direct method of calculating standardised rates for dif- 
ferent populations depends on there being available the number 
of deaths in each population classified by age. For many local, 
urban or regional populations, these data are not always 
readily available and it is therefore impossible to calculate local 
age specific death rates which are then applied to a standard 
population. On the other hand, the age specific death rales for 
England and Wales are known and it is often more convenient 
to apply such standard death rates to the local populations. 
While the age specific death rates now used by the Registrar 
General as the standard rates are those of the census year 
1951, between 1949 and 1953 the mean death rates of 1947 and 
1948 were used. When this method was introduced in 1934, 
the standard was the average death rates for 1930-2. These 
continued to be used up to the war but the publication of the 
series was then suspended until 1949 owing to the large shifts 
that were taking place in the population.^ 

In principle this method of standardisation is just the same, 
for we are measuring the mortality experience of two or more 
populations on a common standard. This method, i.e. standard 
death rates to local populations, is known as the indirect 
method. But unlike the direct method, described earlier, it does 
not immediately produce a standardised rate. At the first stage 
of the calculation if merely shows the number of deaths that each 
population would sustain if they experienced identical, i.e. the 
standard, age-specific death rates. In other words, the first stage 
of the calculation is to provide a rneans of adjusting the crude 
local death rates in respect of any difference between them that 
is attributable to the fact of the differing age structures of their 
p>opulations. This correction factor is known as the Area Com- 

1 See Tables 3 and 4 of recent Medical volume of the Review. 

* See Registrar-Generara Review 19S4, Part 111, pp. 30 and S7. Note that the A.C.F. was introduced 
in 1934 for deaths only; it was not used for standardising birth rates until 1949. Note, however, that 
this method of comparing fertility is subject to error since no adjustment is made for the differing 
proportions of women married in each population. 



318 


STATISTICS 


parability Factor, usually abbreviated to A.C.F. These factors 
are calculated for the population of each district. They are 
used for calculating standardised rates whereby the mortality of 
different areas in a given period can be compared. Note that the 
C.M.I. was designed to reflect changes in mortality (or fertility) 
in a given population over time. The A.C.F. is used for geo- 
graphical comparisons. It is not, as will be seen below, itself a 
death rate as such; it is a standardising factor which when 
applied to local crude death rates enables the resultant rates for 
various areas to be compared. 


TABLE 53 

CALCULA'nON OF AREA COMPARABILITY FACTORS FOR EASTERN REGION AND 
Tyneside Conurbation, 1954 


Age Group 

Est. Mid-Year 
Popln. 1954. OOO's 

Number of Deaths 
1954. OOO’s 

Standard 
D/R 
per 1,000 
England 
& Wales 
1951 

Expected Deaths on 
basis of 1951 death 
rates 

Eastern 

Region 

Tyneside 

Con- 

urbation 

Eastern 

Region 

Tyneside 

Con- 

urbation 


T^eside 

L^on- 

urbation 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

00 

0— 

248 

70 

1,279 / 

492 

6-53 

. 1.619 

457 

5— 

491 

128 

189 

61 

0-51 

250 

65 

15— 

419 

107 

306 

85 

0-95 

398 

102 

25— 

464 

131 

511 

197 

1-45 

673 

190 

35— 

448 

113 

924 

315 

2-63 

1,178 

297 

45— 

445 

117 

2,367 

851 

6.90 

2,990 

807 

55— 

342 

87 

4,587 

1,551 

180 

6,156 

1,566 

65— 

255 

58 

9.234 

2,622 1 

46- 1 

11,755 

2,674 

75— 

146 

27 

15,916 

3,492 

1380 

20,148 

3,726 


3,258 

838 

35,313 

9,666 

12 5 

45,167 

9,884 


Eastern 

Region 


Tyneside 

Conurbation 


Index death rate per 1,000 

Crude rates, per 1,000 

Standard death rate 


A C F — 

* * local index death rate 

A.C.F. X local crude death rate — 
local adjusted death rate 
„ - local adjusted death rate 

stOTdafdrate 


45,167 
3,258 - 

13-86 

9,884 
838 ■ 

35,313 

10-8 

9.666 

3,258 

838 

12-5 

•90 

12-5 

13-86 ” 

Tvs 

-90 X 10-8 

= 9-72 

1-06 X 11 

9-72 

= 0-78 

12-19 

12-5 ~ 

12-5 


= 11-8 


1*06 


- 0'98 
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In Table 53 the basis of the calculation of the A.C.F. for two 
areas is illustrated. They are the Eastern region which is one of 
the standard regions and the Tyneside conurbation, for both of 
which the Registrar General publishes separate data. The first 
three columns give the age distribution of the two popul.Ttions, 
while the next two columns (4 and 5) show the actual number of 
deaths recorded for each age group in each region. The total of 
these deaths expressed as a rate per thousand of the population 
of each area would yield the crude death rate. As the ‘standard’ 
the Registrar General now uses the 1951 death rates for England 
and Wales. These are given in column 6 and are applied to the 
two populations in turn. The final columns (7 and 8) show the 
number of hypothetical deaths which would have occurred in the 
two areas had they both experienced the same mortality as 
England and Wales in 1951. By expressing the hypothetical 
number of deaths for each region over its population we get what 
are known as index death rates. 

Note that these index rates do not provide any measure of the 
mortality experience of the two populations. They are merely 
indices which reflect the relative age structures of the po])u- 
lations of Tyneside and the Eastern region. Since the former’s 
rate is below that of the latter (1 1*8 to 13-9) and each age group 
in the two populations has been subject to the same mortality, it 
follows that the population of Tyneside has relatively fewer 
persons in the age groups with high mortality rates, i.e., the very 
old and the very young. The calculation of actual standardised 
rates for Tyneside and the Eastern Region is as follows : First the 
two index rates are divided into the standard rate, in this case the 
crude death rate for all ages in England and Wales for 1951 
(column 6). This process yields what is known as the Area Com- 
parability Factor. This is a standardising factor which when multi- 
plied with the crude death rates for each region yields the stand- 
ardised rates for those two regions. X^ese can then be compared. 

The purpose of the standardising factor is as follows: The 
index death rate, it will be recalled, served to indicate the 
relative favourableness of the age distribution of the two popu- 
lations in regard to mortality. We derive, by dividing them into 
the national or standard death rate, a comrnon measure of the 
extent to which the two populations are either favourably or 
unfavourably placed. Thus, if the index death rate for one of the 
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populations is lower than the standard, as in the case of Tyne- 
side, 11-8 compared with 12*5, it signifies that on the whole its 
age structure is more favourable, /.e., younger than that of 
England and Wales. It ought, therefore, other things being 
equal, to have a lower death rate. When this index rate is 
divided into the standard rate the resultant standardising factor 
will be greater than unity. When this, in turn, is multiplied with 
the crude rate for the same population the Resultant standardised 
rate will be higher than the crude rate. The process can be 
illustrated by reference to the figures from Table 53. The A.C.F. 
or standardising factor for Tyneside is 12-5/1 1-8 = 1-06. The 
crude rate is 11-5 per 1 ,000 which when multiplied by the A.C.F. 
gives a standardised rate of 12-19. The standardised rate is 
higher than the crude rate because the ‘favourable’ age structure 
of the Tyneside population yields a low crude rate. The latter 
when adjusted to take account of this advantage is higher. With 
rhe Easter Region's unfavourable age structure the position is 
reversed, i,e.^ the A.C.F. is less than unity and the standardised 
tate is therefore lower than the crude rate. ^ 

Reference has been made to the Mortality Ratio which the 
Registrar General calculates to permit a direct comparison of 
the C.M.I.’s of successive yedrs to be made with each other, 
instead of merely comparing each year against a single base year, 
at present 1938. With the A.C.F. a similar ratio is calculated and 
published with the A.C.F. and crude rate. This is known as the 
ratio of the local adjusted death rate to the standard rate. As may 
be seen from the last line of calculation following Table 53, it is 
the standardised local rate divided by the national death rate. 
This particular ratio for any region can be compared directly 
with the same ratio for any other area in that particular year.^ 
The ratio for England and Wales is unity. 

Standardised indices for both births and deaths are published 
in the latest Annual Reviews of the Registrar General.^ For com- 
parisons over periods one table shows for both births and deaths 
the crude rates, the C.M.I. and the Mortality Ratio for in- 
dividual years back to the beginning of this century. Similarly, 
for the regions and administrative areas of England and Wales 

l An attempt is also made by the calculation of what is known as the Time Comparability Factor to 
adjust the A.C.F. so that changes in regional death rates can be compared over time. This is not a 
satisfactory method when the population age structure is changing. 

> Part I, Table 12. Part n« Table E. 
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the tables give for both births and deaths the crude rates, the 
A.C.F. and the ratio of local adjusted rate to the standard rate. 
Using these data it is found that the A.C.F. for Clacton and 
Stevenage is 1-23 and 0-69 respectively. Thus the standardised 
birth rates are: Clacton 9-8 x 1*23 = 12*05 per 1,000; Steven- 
age 31*2 X 0*69 — 21*7 per 1,000. The standardised death rates 
are derived from the crude rates and C.M.l. The C.M.I. for 
Clacton is 0*72, that for Stevenage 2*05, so that the standardised 
death rates are 10*8 and 1 1*1 per 1,000 respectively. 

Standardised Mortality Ratio 

In the Census report on Occupational Mortality the mortality ex- 
perience of each occupational group was summarised by means 
of a Standardised Mortality Ratio (S.M.R.). This is defined as 
the number of deaths registered of men with a given occupational 
group at ages 20-64, expressed as a percentage of the number 
that would have occurred if the death rates in each separate age 
group within the occupation had been the same as in a standard 
population consisting of all males in England and Wales. The 
method of calculating an S.M.R. (all causes of deatli) is illus- 
trated in the following example for the occupational grouping 
known as Farmers and Farm managers taken from the 1951 report.* 
Columns 1 and 2 give the age distribution of this occupational 
group. 

TABLE 54 

Calculation of Standaroiseo Mortality Ratio 


Ages 

(1) 

Census 

Population 

(2) 

Standard death 
rattjs per million 
1949-53 

(3) 

Expected deaths 
in occupation 

5 > ( 2 ) X (3) 

1,000,000 

(4) 

20- 

7,989 

1,383 

55 

25— 

37,030 

1,594 

295 

35— 

60,838 

2,868 

872 

45— 

68,087 

' 8,212 

2,796 

55—64 

55,565 

22,953 

6,377 

Total standard deaths 20-64 

• 

10,395 


Total registered deaths of farmers and farm managers aged 20-64 7,320. 

7,320 X 100 

S.M.R. — 70 per cent. 

10,395 

^ Registrar GeneraLs Decennial Supplement 1951, Occupational Mortality, Part II, vol. I, p. 17. 
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The basis of the calculation of the S.M.R. is the expected 
deaths in the last column. The standard death rates are based on 
the registered deaths in the five year period 1949-53 inclusive, 
the rates shown being annual averages. The population in each 
age group is at risk for a period of five years so that the expected 
deaths will be five times the annual rate times the population at 
risk. On this basis the expected number of deaths will be 10,395, 
Le., this is the number of deaths to be ej^ected if farmers had 
experienced the same mortality as all males between 20-64 in the 
quinquennium 1949-53. In fact the number of deaths of farmers 
registered in the same quinquennium was only 7,320. This 
number expressed as a percentage of the expected number of 
deaths yields a percentage of 70. In other words farmers and 
farm managers experienced a considerably lower mortality, age 
for age, than the male population as a whole. 

Standardised Mortality Ratios are calculated not only for ‘all 
causes' of death but also for individual diseases such as tuber- 
culosis and cancer, as well as various types of accident. 3'he 
mortality rates for each disease are analysed by social class and 
by sex, married women being distinguished from single women. 
In addition, the S.M.R. is used to compare regional differences 
in respect of mortality as wel^ as comparing class and regional 
experience in respect of infant mortality and still births. As 
stated earlier, from 1959 the Registrar General intends to dis- 
continue the calculation of the C.M.I. and replace it with the 
S.M.R. Thus for any year the S.M.R. of any population will be 
calculated as follows. Standard age specific death rates, pre- 
sumably those of England and Wales for both sexes, in 
addition to the ‘persons’ rate, will be applied to the local 
population. This will give the ‘expected’ number of deaths 
which will then be compared with the actual number of regis- 
tered deaths in that population. The actual will be expressed as a 
percentage of the expected number to give the S.M.R. for that 
population in any given year. 

It is inevitable that differing results - in arithmetic terms - will 
be obtained according to the method of standardisation em- 
ployed for comparative purposes. But, since the object is com- 
parison of two or more populations either by region or over 
time, this does not matter greatly. The relative differences in 
their mortality and/or fertility experience will be shown to be 
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about the same whatever method is used. In practice, of course, 
one needs merely to consult the appropriate part of the Regis- 
trar General’s Review to obtain the figures. 

Conclusions 

With the possible exception of the Board of Trade, the 
Registrar General’s Office is responsible for the preparation of 
more statistical data than any other single government depart- 
ment. Although vital statistics may appear to be of limited 
application, in fact the data available serve as the basis of both 
central and local administration, forward planning for schools, 
housing, pensions, etc. The same data serve as checks on the 
samples used by market research organisations in their study of 
consumer trends. The Census of Population is the most im- 
portant statistical event of the decade and its reports of the 
greatest interest and value. It is because reference is so often 
made to these published statistics that this lengthy chapter has 
been included in this book. Actually the methods of calculation 
employed for preparing these data are well beyond the level of 
arithmetic needed for tlie rest of this text. But, as has been stated 
so often, unless the source and basis of published statistical data 
are understood, there is always the danger of mis-quoting them. 
The sole purpose of the foregoing sections has been to provide a 
simple, even if at times incomplete, survey of the basis of these 
important statistics. Provided this much is clearly understood, 
the reader should be safe from the worst dangers. 

For the reader who may be especially interested in this branch 
of statistics some suggestions for further reading, apart from the 
footnote references given earlier, are given below. 
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THE CONSTRUCTION OF INDEX NUMBERS 

Every reader of this book will know that^in each year since the 
beginning of the last war, prices of the goods we buy have risen 
in greater or lesser degree. The price of a loaf of bread has risen 
from 4d. to Is. ; a hundredweight of coal from 2s 6d. to 10s.; 
a ready-made suit from £3 to £10. These price changes give an 
indication of the extent to which prices have risen, but generally 
speaking it is more convenient to indicate the fall in the real 
value of money by a single measure. For example, it might be 
said that since 1939 the cost of consumer goods as a group has 
risen by 200 per cent., /.<?., prices are now three times what they 
were then. This is a useful device because the degree of change in 
the prices of various goods differs; for example, bread as cfuoted 
above had risen by 200 per cent., coal and the ready-made suit 
by 300 and 333 per cent, respectively. It is much more convenient 
if all these changes can be expressed by a single figure. The 
figure used for comparing changes as between different points of 
time in what is sometimes referred to as ‘the price level’ is 
described as an index number of prices. In view of what has been 
said it follows that the term ‘price level’ is a misnomer; in any 
period of time individual prices move differently, but the average 
movement can be calculated and it is this average which is 
measured by the index number. In fact, an index number is 
really no more than an average, with both its advantages and 
shortcomings. The most frequent use of index numbers is for 
measuring the change over selected periods in prices of goods, 
commodities, assets such as securities and so on. For example, 
there is an Index of Retail Prices, an Index of Wholesale Prices, 
and one for prices of stocks and shares quoted on the Stock 
Exchange.^ 

The foregoing sentence should indicate to the reader that price 
indices are specially prepared to measure changes in particular 
groups of prices. There is no index suitable for measuring the 

1 See Chapter XVll. 
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‘general level of prices’, but there is an index for measuring the 
cost of goods and services which the average family in the 
United Kingdom buys as part of its mode of life. This is often 
termed a ‘cost of living’ index. Index numbers are specially 
designed. For example, changes in the volume of industrial out- 
put are measured each month by the index of industrial pro- 
duction; changes in the prices of exports and imports from and 
into the United Kingdom by indices of import and export prices. 
All these various index numbers are described in later chapters. 

Measuring Price Changes 

All prices do not change to the same extent over a given period 
of time. Some prices rise (or fall) more than others, /.f., they 
move relatively to one another. The difficulty arises when these 
relative changes have to be ‘averaged’. It is possible to get dif- 
ferent answers to what appears to be the same question accord- 
ing to the method used for measuring price changes. Suppose we 
have four commodities which in 1949 and 1959 cost per pound 
weight as follows: A 5s.-7s. 6d.; B I0s.--12s. 6d; C 15s.-~£l; 
D £l--£3. In the earlier year the four items could have been 
purchased for £2 10s. and by 1939 they cost £5. The propor- 
tionate increase in the total cost of these goods is given by 
expressing the actual change in cost over the total cost in the 
earlier year, i.e, £2 10s. divided by £2 10s. which is equal to 
unity. It is customary to express such changes in percentage 
terms, so that if the 1949 expenditure is termed the ‘base’, or 
100, then the corresponding value for 1959 is 200, or a 100 per 
cent, increase. Such an index, which is no more than the per- 
centage change in the aggregate expenditure on a collection of 
goods at different points of time, is sometimes referred to as a 
simple aggregative type of index. As will be seen below, it does 
not really justify the title of an index. 

Now instead of taking the actual price of each commodity, 
calculate the percentage increase in its cost. A is then 50, B 25, 
C 33 J, and D 200 per cent, higher. If these percentages are added 
together they total 308^, which apportioned over the four items 
represents an increase of approximately 77 per cent in the prices. 
This, it will be noted, differs from the figure of 100 per cent, 
derived by using simple aggregate expenditures. Generally 
speaking, the simple aggregative type of index derived by 
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relating two aggregate expenditures is not used in practice because 
the index may be distorted by any single large absolute change 
which swamps all the other movements. This, it will be recalled, 
is much the same as saying that the arithmetic mean is unduly 
affected by extreme values and may sometimes be unsatis- 
factory as a measure of a given distribution. 

It is nevertheless quite possible to use the actual prices of the 
goods purchased to calculate a price indc^, without converting 
them into percentages. To make such an aggregative index, as it 
is termed, the various prices have first to be multiplied by the 
physical quantities purchased of each commodity. The products 
of the prices and quantities are summed and the two totals 
expressed as ratios of one another. 


TABLE 55 

Calculation of Aggregative Type 1ne>ex 


Commodity 

Prices 

Quantity 

Product of Quantity 

X Price 

1949 

1959 

lbs. 

1949 

rt59 


s. 

A . d. 


s. 

s. 

A 

5 

7 6 

4 

20 

30 

B 

10 

12 6. 

6 

60 

75 

C 

15 

20 0^ i 

3 

45 

60 

D 

20 

60 0 

1 

20 

60 


50s. 

lOOs. Od. 

14 

145s. 

225s. 





The calculations can be followed in the above table. In this 
aggregative index, the average increase in the prices of the com- 
modities is derived by dividing the product of the 1949 quantities 

225 

and prices into the corresponding product for 1959, i.e., — . 

This gives an increase of 55 per cent. Alternatively the product 
145 may be termed base 100, then the product 225 is equal to 
an index of 1 55, or 55 points higher. 

Each of the three 1959 figures calculated so far shows a dif- 
ferent increase over 1949. Since the arithmetic is correct, we can 
only ask which is the ‘correct’ figure. The simple so-called 
aggregative index giving an increase of 100 per cent is quite un- 
satisfactory. If the prices for the various constituent items vary 
widely in absolute terms the ‘index’ will always be distorted by 
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the extreme values. In practice, this method is ignored. The 
second index required the calculation of the percentage cdiange 
for each price; by this means the distorting effect of the absolute 
differences in the prices between the two dates is eliminated. The 
arithmetic average of the percentage increases might be used for 
a very simple rough and ready index, but it assumes that each 
price change is just as important as any other and this, generally 
speaking, is not true. For example, in a cost of living index a 10 
per cent, increase in the price of bread would be much more 
serious for the family budget than a similar increase in the price 
of biscuits, even if in absolute money terms the latter increase 
was greater. But if the percentage changes are ‘weighted’ in 
accordance with the relative expenditure on each commodity to 
the total expenditure, then we get the same results as if we had 
multiplied the prices at the two dates by the actual quantities 
purchased. In other words, the aggregative index in Table 55, 
which gave an increase of 55 points, i.e., 1949 — 100 and 1959 — 
155, may be directly compared with an index based on the pro- 
ducts of the percentage change in each price multiplied by its 
appropriate share in the total outlay. In this case we are using 
‘value’ instead of ‘quantity’ as the weight and the ‘value’ is the 
amount spent on each commodity in 1949. Table 55 shows the 
total outlay on each commodity in 1949 and these figures appear 
in the column headed ‘value’ weights of Table 56 below. 

TABLE 56 


Methods of Calculating Index of Weighted Relatives 






Method A 


Method B 


Com- 

modity 

Prices 

‘Value’ 

weishts 

Per- 
centage 
change 
in prices 

Products 
of % 
change & 
weights 

Price 

Relatives 

Relatives 

X Weights 

1949 

1959 

1949 

1 1959 

1949 

1959 

A 

S. 

5 

m 

20 

+ 50 

1000 



2000 

3000 

B 

10 


60 

+ 25 

1500 

100 1 

125 i 

6000 

7500 

C 

15 

20 0 

45 

+ 33i 

i5oa 

100 

133J 

4500 

6000 

D 

20 1 


20 I 

+ 200 j 

4000 j 

100 

300 

2000 

6000 


50 I 

100 0 

145 

mflm 

8000 1 

400 j 

708i 

14500 

22500 



mmmmmma 



mmmmmmmmm 

■■■■■■■■■■ 

mmmmmmma 




Method A.^ Weighted percentage change in prices between 1949 and 1959 
— 55 (to nearest unit). 

If 1949 prices = 100, 1959 prices - 155. 

Method B. Weighted average of 1949 price relatives — 14500 
.. .. 1959 .. .. = 22500. 

































328 


STATISTICS 


But 1949 prices = 100, then 1959 prices == — x 100 = 55 
(to nearest unit) 

It will be seen that in columns headed ‘A’, by multiplying the 
percentage change in each price by the ‘value’ weight, their 
product of 8,000 divided by the sum of the value weights 145, 
gives an increase in the two sets of prices in the period 1949-59 
of 55 per cent. The more conventional method is to convert the 
prices at each date into ‘relatives’. Thus df the base year price, 
5s. in 1949, is termed 100, then the corresponding figure for 
7s. 6d. in 1959, is 150 or 50 per cent, higher. This figure is re- 
ferred to as a price relative. In the columns headed ‘B’, each price 
relative is multiplied by its corresponding weight, and the total 
products for 1959 expressed as a ratio of 1949. As is expected, 
the same result is achieved. 

Since we have seen that the same result can be derived by 
either of two methods: 

{d) an aggregative index using actual prices and quantities pur- 
chased as shown in Tabic 55; or ^ 

(b) an index of weighted relatives using price relatives and 
‘value’ weights as in Table 56; 

the question poses itself, ‘whjch is the better method?’ Clearly, 
the answer is that they are both the same in so far as they pro- 
duce the same result. From the purely practical point of view the 
aggregative index seems simpler since it avoids the need for con- 
verting prices into relatives. On the other hand, the data avail- 
able for the construction of the index may be in the form of 
relatives. This is not so often the case with price indices as with 
indices such as that measuring industrial production. In this 
case changes in the output of individual industries may be based 
on physical output, numbers employed, or on total sales. To 
combine the changes for a number of industries using different 
bases of measurement therefore necessitates the use of relatives. 

Index Number Notation 

The arithmetic processes described so far are usually expressed 
in simple symbols. Since they are extensively and commonly 
employed to indicate the type of index used, it is important that 
the student reader should understand them. If p represents a 
price, the base year of 1949 is written o and the year 1959 as i. 
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then po represents a base year price and the price of the same 
article in the other year. The symbol 2, it will be recalled, is 
known as large sigma and indicates summation. Thus instead of 


writing 


p\ + p\ + P\ + p\ + 
F,', + Pi + + Pi 4 


P 

— where the numbers 1, 2, 
pS 


3, 4 . . .n represent different goods, we can simply abbreviate to 

•5^. Thk is the formula for the so-called simple aggregative 

‘index’. But this type is only useful if the prices are weighted by 
quantities. In our example the quantities were those purchased 
in the base year, so that if represents the base year weight, 
then the index / is merely the average of a series of such weighted 


prices, /.£»., / — 


(Pi + (/?! ^o) -i- (Pi ^q) 


or 




(Po^o) + + (Po^o) . • . . ^Po^o 

The same symbols are used to indicate an index based upon 
the price relatives. The price relative for any article or goods is 


derived by relating the base year price to the other year, z.c., — 

Po 

Thus when there are a large number of relatives, we get 


“7 -r H ; -7, 

Po Po Po Po Po 

which can be abbreviated to - 

^ Pu 

/.c., the sum of the relatives divided by their number. When the 
price relatives are weighted, we used ‘value’ weights. These are 
given (see Table 56) by the product of the base price (/?«) and the 
quantity purchased in the base period (^o)- Thus a base year 

weighted price relative is written ~ iPo and since the index 

. . 

comprises a number of such weighted relatives, we summarise 


them by writing I = 



^0 


It was shown in Table 55 that the index derived from the ratio 
of the aggregate of the quantity weighted prices in one year to the 
corresponding value in the base year gave the same result as the 

^ The student uncertain of this passage should convert the formula back into the actual values used 
in Table 56. 
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index obtained by using the value weighted price relatives. It 


must follow therefore that / = 


9o 




Arithmetic or Geometric Mean? 

It was stated earlier that an index is merely a form of ‘average*. 
In Chapter VI two types of average, were described, the 
arithmetic mean and the geometric mean. So far in the foregoing 
simple illustrations the arithmetic mean has been used, but it is 
equally possible to use the geometric mean. This statistic is the 
«th root of the product of n values. For example, if three numbers 
are multiplied together, their geometric mean is the cube root 
of their product; for ten numbers it is the 10th root of their 
product. We can apply this formula to the data in the above 
illustration. For purposes of this calculation logarithms are 
employed, but not merely because they greatly simplify the cal- 
culation. Note too that the difference between the logarithms for 
any two prices of a single commodity gives the anti-logarithm 
of the relative change. In other words using logarithms saves the 
trouble of working out the price relatives for every commodity in 
the index. 


Coram- 

odity 

Pri 

ices 

Logarithms 

Value 

weights 

Logarithms 

X Weights 

1949 

1959 

1949 

1959 

1949 

1959 


s. 

s. 






A 

5 

7-5 

0*6990 

0-8751 


1-3980 

1-7502 

B 

10 

12*5 

1*0000 

1-0969 


6-0000 

6-5814 

C 

15 

20 

11761 

1*3010 


5*2925 

5-8545 

D 

20 

60 

1*3010 

1-7782 


2-6020 

3-5564 






14*5 

15*2925 

17-7425 








15*2925 







14-5) 2-4500 








0*1686 


antilog. 0-1686 = 1*47 

Since the difference between the logarithms of each price at the 
two dates gives the relative increase, the appropriate weights are 
the value based weights, not the quantity weights. To simplify the 
arithmetic the value weights in column 6 of the illustration have 
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simply been divided by ten. The reader will appreciate that it 
is not the absolute size of the weights which is important, but 
their ratio one to the other; 6:2 is the same as 60:20. As may 
be seen in the example the log of each price is multiplied by 
the corresponding weight. The difference in the sums of the 
logarithms of these products for each year is then divided by 
the sum of the weights^ not the number of prices and this anti- 
log. gives the relationship between 1959 and the base year 1949. 
In this case it is 1-47, so that if we call 1949 the base year = 100, 
then for 1959 the index is 147. 

It will be noted that this index is smaller than the index of 
price relatives based upon the arithmetic mean ; this is a charac- 
teristic of the geometric mean since it is less affected by the larger 
values then the arithmetic mean. The obvious question is, which 
of the two is to be preferred? Both are used. In theory it would 
be possible to use any ‘average’, e.g., either the median or mode 
of a distribution of price changes, as an index. In practice, how- 
ever, the choice lies between the geometric and arithmetic means 
of the weighted prices or their relatives. Neither has any marked 
advantage over the other. Generally speaking, an index based on 
price relatives often uses the geometric mean while aggregative 
indices often employ the arithmetic mean, but this is by no 
means an invariable procedure. 

An exposition of the relative merits of these two types of mean 
lies beyond the scope of this book, for quite apart from the fact 
that it introduces the highly complex subject of index number 
theory, it is also subsidiary to the more fundamental problems of 
index number construction which are now discussed. For the 
student with some algebra, interested in this aspect of economic 
statistics, there are several suitable texts for study. ^ 

The basic problems of index number construction are three in 
number. The first concerns the nature of the index, i.e., the 
functions it is to perform, and the choice of suitable prices or 
values to be included in it. The second problem is to determine 
the best weighting system, while the third involves the selection 
of the base period. None of these particular points is simple to 
solve in practice and the final index is usually the product of 
compromise be:tween theoretical standards and the standard 
attainable with the given data. To simplify the text, references 

^ See in particular appropriate chapters in Amlled General Statistics by Croxton and Cowden, or 
Applied Statistics for Economists by Karmel, P.H., or Economic Arithmetic by Marria, R. 
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will be to price indices and the base period will usually be 
assumed to be a year. All the points made are equally relevant to 
indices measuring other than price changes and where the base 
period is shorter or longer than a year. 

The Nature of the Index 

It is helpful to remember when dealing with index numbers 
that they are specialised tools and as such are most efficient and 
useful when properly used. A screwdriver is a poor substitute for 
a chisel, although it may be used as such. All index numbers are 
designed to measure particular groups of related changes. For 
example, the Index of Retail Prices in the United Kingdom 
measures ihe monthly change in the cost of a collection of goods 
and services bought by the ‘average’ household. Note that an 
index does not cover all such changes, merely a selection. Thus, 
if one household does not buy fruit at all, when the index goes up 
because fruit prices rise, that family’s real income cannot be 
determined by reference to that index. The prices of the articles 
included in the index are those charged at certain types ol^shop, 
not every shop. In some cases the allowance for house rent in the 
index is far below what some families in ‘middle class’ circum- 
stances pay ; just as is the proportion of expenditure on alcohol 
and tobacco usually well above that applicable to families with 
young children. In other words, the index is an ‘average’ of 
certain household expenditure which determines the standard of 
life of the average household in the United Kingdom ; it does not 
apply to any single household. Not all households are included 
in the index; those where the head of the household earns over 
£20 a week and homes where the old age pension accounts for 
more than three-quarters of the total income are excluded. 
Despite all these limitations which are discussed elsewhere 
(p.270) the public continues to refer to the index as a ‘cost of 
living’ index which is indiscriminately applied to all wage and 
salary earners, whatever their domestic circumstances. 

The Board of Trade’s Index of Wholesale Prices illustrates the 
change in attitude to index numbers in recent years. The old pre- 
war index was designed to measure changes in the ‘general level 
of prices’ ; it is now recognised that the ‘general level’ is an over- 
simplification - it is itself an average of a large number of 
changes in differing directions and of varying degree. The Board 
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of Trade therefore now prepares a whole series of indices, each 
especially constructed to measure small groups of related prices, 
e.g., the cost of building materials (see Chapter XVII). 

Once the decision has been taken as to the purpose of the 
index the choice of ‘representative prices’ to be included in the 
index must be made. The more prices that are included, the 
longer it takes to calculate the index each month. Furthermore, 
not all prices are readily available and items may therefore be 
omitted on this account. Nor is it true to argue that an index 
with a large number of items is automatically a better index than 
one based on a few prices. For example, the Board of Trade’s old 
wholesale price index consisted of 258 quotations for 200 com- 
modities; the sensitive index of commodity prices prepared by 
The Economist used only 10 prices. Each served its declared pur- 
pose quite well. In the index of Retail Prices only those articles 
which are regularly and extensively purchased are included. 
Even so this involves a very large number of price quotations 
taken from all regions of the United Kingdom, from all types of 
town and district, as well as from all types of shop!^ How much 
better for its purpose the index is in consequence of this great 
amount of detailed work, than if it were to be based on a 
handful of Jirticles and services from a few shops might well be 
debated at length! Unfortunately, the government carmot use 
what might appear to be a ‘makeshift’ index for this purpose; 
but it does not follow that the latter would not be so much less 
satisfactory in the longer period than the present one! 


The Choice of Weights 

As we have already seen, an index based on a simple average 
of price relatives or aggregate prices is useless. The individual 
prices or their relatives must be weighted. What determines the 
weights? They can be of two kinds. The first are the so-called 
quantity weights used in the aggregative type of index (Table 55) 
and the others are value weights derived by reference to the 
actual outlay on the particular item which are applied when 
using the price relatives (Table 56). The actual size of the weights 
is unimportant; what is important is the relative weights. For 
example, in the current index of Retail Prices the food prices are 


^ As was explained in Chapter XIV. 
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given a weight of 350 against a weight of 55 for fuel and light. 
This indicates that food absorbs roughly seven times as much of 
the average household’s weekly expenditure as does fuel and 
light. Therefore a change in the price of the former is seven 
times as significant as the same price change in the latter. To 
show the effect on the household’s income by means of an index, 
the food item must be weighted seven times as heavily as that for 
fuel and light, since the expenditure on the former is seven times 
as great and takes proportionately more of his weekly income. 
Whether the weights are 7:1, 350:50 or any other numbers is 
irrelevant provided they give the true relationship between the 
items. For example, up to 1947 the old cost of living index 
weights totalled 100; in the new index they add up to 1,000. That 
is not significant. But the fact that in the old index food ac- 
counted for 60 per cent, of the weighting and in the new current 
index only 35 per cent., is important. 

The next aspect of the weighting problem is to decide between 
what is termed base and current year, weighting. For example, in 
the index of industrial production the weights have been^eter- 
mined by reference to Census of Production data relating to 
1954. These weights are applied to output relatives which in- 
dicate the changes in mon^ly output for a wide range of 
industrial products. It would be possible, but hardly practicable, 
to weight the relatives by reference to current census of pro- 
duction data derived each year from either a census or sample 
survey. If current year weighting is used, e.g., 1958, then all the 
indices for the earlier years must be revised so that they remain 
comparable one with another and with the latest year. The 
nature of the weighting is indicated in the formula. For a price 

index using hose year weighting we can write ; the same 

formula for a current year weighted index is written The 

^Po Vi 

reader will observe that the difference is indicated by the sub- 
script qi, instead of q^. 

The two different weighting systems will give different results, 
although the actual differences in most cases will not be great. 
The formula for the base year weighted index is often termed a 
Laspeyre index, and the current year weighted index a Paasche 
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index. These two names have been used for about half a century 
and are now used to convey to the reader the nature of the index 
being used. Once again, however, the reader needs to be re- 
minded that the difference between these two types of index is 
more apparent than real, at least for most practical purposes. In 
practice, the base year weighting has the great advantage that the 
weights are constant throughout the life of the index. Further- 
more, the work in calculating the index is much less than with 
current weights. The major disadvantage of base year weighting 
is that it may become out of date, in which case the efficiency of 
the index declines. It is for this reason that Laspeyre type indices 
are revised at fairly regular intervals, although this means that 
comparability of the index over the longer period is virtually 
impossible. 

TTie difficulty over base or current year weighting arises be- 
cause the relative importance of the items comprising the index 
is continuously changing. If there were no change in the amounts 
of different commodities bought from year to year, then of 
course the one original set of weights would serve as both current 
and base year! Naturally, when prices of the constituent articles 
in the index change, so does demand and, strictly speaking, the 
weight needs to be changed. Because people tend to spend less on 
goods when their prices are rising, the use of the Paasche or 
current weighting produces an index which tends to understate 
the rise in prices, just as the Laspeyre index overstates it since the 
base year weights reflect an outmoded purchasing pattern. But 
as already stated, the difference between the two formulas is of 
interest primarily to the theorist and much has been written on 
the problem of designing the ‘ideal’ index. For example, the 
suggestion has been made that the geometric mean of the 
Laspeyre and Paasche indices should be used as an index. 

In practice, however, the base year weighted Laspeyre type 
index remains the most popular for reasons of its practicability. 
The Paasche type index can only be constructed when up to date 
data for the weights are available. This is exceptional; only 
one Paasche type index was prepared officially in the United 
Kingdom - the average value index of imports and exports - but 
even this is no longer published. This was practicable because the 
monthly overseas trade returns are available with a delay of only 
a month or two so the wei^ting could be continually revised. 



336 


STATISTICS 


Selecting the base year 

At first sight this should be the easiest part of constructing an 
index number, not least since it would appear to be logical to 
take as the base year the first year for which the index is con- 
structed. With a new index this is valid, but with every Laspeyre 
type index the time comes when the base year must be revised. If 
the revisions are fairly regular, as for example is the case with the 
price and volume indices of imports and exports of the United 
Kingdom, then to some extent the base tends to choose itself. 
But if the intention is to try and keep a single series of indices for 
a longer period than a few years, the base period may be difficult 
to select. This is because the ideal base would be the so-called 
‘normal’ year, but with economic data who is to decide what is 
normal? At best depression or boom years - in respect of the 
particular phenomenon measured by the index - can be 
avoided. Much of the wrangle over the relative success of the two 
political parties’ post-war economic policies could be explained 
by basing their data on different base years. If a depression year 
is taken as the base, most later years show an improvement; if a 
boom year is taken the rate of expansion in the period following 
appears very slow. 

The tendency nowadays to keep the Laspeyre type of index 
up to date by regular revision. For example; the index of indus- 
trial production was first produced in 1948 with 1946 as a base. 
In 1952, with the results of the 1948 full census of production 
available, the index was revised and in 1958 rebased on to 1954 
in the light of the census of production data for that year. The 
index of retail sales has also been revised three times since the 
end of the war, as well as the import and export trade indices. 
The reason for the periodic revisions of many indices of 
economic data is probably the desire to use a reliable index for 
relatively short period analysis of economic trends. After all, it is 
only the historian who wants to look back over the longer 
period; the economist is usually concerned with the immediate 
short run future. For much historical economic analysis it is 
usually practicable to link, if only approximately, the old and 
new index. This can be done quite effectively by calculating for 
the last two or three years of the old series of index numbers, an 
index on the new basis. This has been done in the case of the 
1958 revision of the index of industrial production, annual 
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indices have been worked back for a few years to overlap with the 
old series. 

The only index of prices which covers any long period of years 
is the Sauerbeck index of wholesale prices which is still compiled 
by The Statist in its original form. This dates back over a 
hundred years, although its base period is 1867-77. This is a 
rather simple type of index. It covers only basic commodities 
which do not change in character over the years. But to calcu- 
late, as could be done from the records, an index of (say) exports 
from the United Kingdom for the past century would be 
pointless. Many goods exported today were unknown in the 19th 
century, just as many exports of the last century have ceased to 
be important today. In other words, what purpose would be 
s erved by preparing such a long-period index ? 

One method of overcoming weaknesses in an index from an 
outdated or frequently changing base is to use a chain-base 
index. In this case, the index for each period is based on the 
index of the comparable period immediately preceding it. A 
particular advantage of this type of index is that it is easy to 
introduce new items. With a fixed base index of the Laspeyre 
type, to alter the composition of the index would necessitate the 
re-calculation of the index for all previous years. Against the 
chain-base type of index is the point that it is really only suitable 
for the short period. If changes in the component items are 
frequent, the index may in the later years reflect quite different 
price movements than the figures in the earlier period. 


Conclusions 

It will be apparent that an index number, whether it be of 
prices, of physical quantities or any other measure, is an 
arbitrary and imperfect measure. At best it will perform the task 
for which it is designed if every care has been taken to include the 
relevant constituent items and to Weight them correctly. Im- 
portant though weighting may be, it is still more important to 
ensure that relevant values are included in the index and that the 
quotation, f.e., price, from month to month, is comparable, than 
to devote undue attention to calculating precise weights. Pro- 
vided the latter are approximately correct, the index should 
reflect the pattern and trend of change in the data. 

M 
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Fnrdier illustrations 

Most index numbers involve many values and much calcu- 
lation. The highly simplified illustrations on pages 326 and 327 
illustrate the basic principles involved, but the actual construc- 
tion of an index involves a great deal of mechanical work which 
can hardly be reproduced here. However, the two illustrations 
which follow may enable the reader to see how two important 
index numbers are calculated after th^ basic data have been 
processed. The first is the famous Sauerbeck index prepared by 
The Statist and the other is the Index of Retail Prices. 

The Statist Index of Wholesale Prices comprises 45 com- 
modities divided into two main groups. Food and Materials, 
each of which in turn consists of three sub-groups of prices. The 
actual number of prices used to construct each index is given in 
the first column headed ‘Number of Commodities in Index’. 
There is no weighting by reference to values or quantities but the 
‘General Average’ index is weighted in so far as there are more 
quotations for certain commodities than for others. The index 


TABLE 57 • 

Construction of The Statist’ Index Numbfr for 1957* 
1866-77 = 100 


Commodities 

fSrumberof 
Com- 
modities 
in Index 

Total Numbers 

Index 

for 

1957 

1867-77 

1957 

General average 

45 

4,500 

16,920 

376 

Food 

19 

1,900 

5,951 

313 

Vegetable food , . 

8 

800 

2,356 

295 

Animal food 

7 

700 

2,402 

343 

Sugar, coffee and tea 

4 

400 

1,193 

298 

Materials 

26 

2,600 

10,969 

422 

Minerals 

7 

700 

3,991 

570 

Textiles 

8 

800 

3,260 

408 

Sundry materials 

11 

1,100 

3,718 

338 


• Source; J.R.S.S., 1958, Part III, p.348. 


for any single commodity is very simple to obtain. The average 
price for the month is expressed as a price relative of the 
average price of the commodity in the eleven year base period. 
Thus, in the index for vegetable food, the price relative for each 
of the eight commodities is calculated and their average gives the 
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index for the group. This is repeated for each group in the index. 
Hie ‘general average’ is the simple arithmetic mean of all the 45 
price relatives. The monthly indices are based upon the end-of- 
month quotations, but the annual indices are derived from the 
average of the 52 weekly quotations, so that the annual index for 
any year does not necessarily coincide with the average of the 
12 months’ indices for that year. 

The figures under the main column headed ‘Total Numbers’ 
are quite clear. For 1867-77 it is apparent that the figure shown 
is merely the product of the number of commodities each ex- 
pressed as base 100, e.g., the ‘general average’ index comprises 
45 commodities each of which in the base period was expressed 
as 100. The relatives for the appropriate commodities in each 
group having been worked out as described above, they are 
summed and inserted in the second column under that same 
heading. The index for 1957 is derived by dividing the number of 
commodities into the ‘total numbers’ for those commodities, 
e.g.. Food = 5,951 -f- 19 = 313. This method yields the general 
average index as well; it is not merely the average of the various 
group indices. 

A full account of the method of the construction of this index, 
together with annual indices for each group back to the begin- 
ning of the century, as well as average prices and monthly 
indices for recent years, is published annually in the Journal of 
the Royal Statistical Society. 

The Index of Retail Prices is fundamentally similar in con- 
struction to The Statist index described briefly above, althou^ 
it covers a very much wider range of goods and services. The 
index is compiled monthly, the prices used being those prevailing 
on the Tuesday nearest the middle of the month. For each 
article and service included in the index the current price is 
expressed as a relative of the price at the base date, 10th January, 
1956. As will be seen from Table 58 below, there are ten group 
indices the weighted average of which is the ‘all items’ index 
which is customarily used as a measure of changes in the cost of 
living. Each group index is separately calculated by deriving the 
percentage change in the price of each article included in that 
group, e.g., food, and then weighting the change by reference to 
the share of the total outlay on that group absorbed by the 
article. The weighted relatives are then averaged (arithmetic 
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mean) to yield the group index. Each group index in its turn is 
then weighted in accordance with its relative importance in the 
entire household budget. The current weights are shown in the 
first column of Table 58. The products of the weights and group 
indices are aggregated and then averaged to give the ‘all items' 
index. 

TABLE 58 


Calculation of Index of Retail Prices fqr 18th November, 1958t 


Commodity Groups 

Weights 

Group 

Index 

Weights 

X 

Indices 

Food 


350 

108-4 

379 400 

Alcoholic Drinks 


71 

105-8 

75 118 

Tobacco 



107-8 

86 240 

Housing . . 



124-2 

108 054 

Fuel and Light 



116-5 

64 075 

Durable Household Goods . . 



999 

65 934 

Clothing and Footwear 


106 

102-7 

108 862 

Transport and Vehicles 


68 

112-9 

76 772 

Miscellaneous 


59 

113-5 

66 965 

Services . . 


58 

115-4 

66 932 

All Items . . 

*• 1 

1,000 

109-8 

1^8 352 


t Source: Ministry o f Labour Gazette, December, 1958. 


The index is published monthly in the Ministry of Labour 
Gazette as well as in the Monthly Digest of Statistics in the form 
of first and third columns of Table 58, i.e,, the ten group indices 
and ‘all items’ index all expressed to one place of decimals. A 
detailed account of the construction of this index is published 
by H.M. Stationery Office.^ 


^ Index of Retail Prices. Method of Construction and Calculation. H.M.S.O. 1959. 
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ECONOMIC STATISTICS 

The largest body of published statistical data is assembled as a 
by-product of the government’s daily administration of the 
economic and social life of the nation. Some of the data are 
derived from the routine administration of government depart- 
ments, the overseas trade statistics from the Customs office, 
unemployment figures from the Ministry of Labour Employ- 
ment Exchanges. Other data are derived from specific enquiries 
conducted by government departments and are provided by 
members of the public, as on the occasion of the population 
census, or by the business community as with the census of pro- 
duction. 

A particularly useful document for the student contem- 
plating a study of official statistics is the pamphlet prepared 
by the Treasury in 1953 and entitled "Government Statistical 
Services’,^ This document provides a succinct but overall des- 
cription of the statistical work in government departments. 
It explains the origins of many series of data, c.g. day to day 
administration and special enquiries either by census or sample. 
It also contains some useful comments on the problems which 
arise when data are to be collected. Apart from an explanation 
of the legal powers under which inform ation is obtained from 
industry and the public, there is a short account of the organis- 
ation of statistical work in government departments and an 
account of the origins and functions of the Central Statistical 
Office. It includes two very useful appendices which alone 
would justify its publication. The first appendix outlines the 
various statistical data collected by each government depart- 
ment. The second gives a classification of all published statistics 
under subject headings, e,g. agriculture, education etc. and for 
each subject shows the principal publications containing the 
statistics together with a note of their frequency of appearance 
and the department responsible for producing the data. 

^ Published by H.M. Stationery Office for Is. 3d. 
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The unfortunate publicity given to ‘form-filling in triplicate* 
has perhaps tended to conceal the positive benefits of these acti- 
vities. For every branch of economic activity there is a mass of 
valuable data which should interest the business man and indus- 
trialist. Two studies which have been described as of particular 
interest to every manufacturer and salesman are based almost 
entirely on oflficial statistics.^ Yet few of the readers of these 
books would have thought of studying Ae various Blue Books 
and White Papers in which the data first appeared. A particular 
disadvantage of official statistics, quite apart from the fact that 
the layman is usually ignorant of their existence, lies in the fact 
that often they have been assembled for a special and limited 
purpose and for other uses they are inadequate. A good example 
of the latter is given by the official labour statistics: until 1948, 
the government always knew the number of unemployed insured 
workers, but it could only estimate the size of the working 
population. 

7’he need to control the economy during the last war and the 
generally accepted case for a degree of economic planning have 
brought home to the government in no uncertain manner the 
deficiencies in their statistical information. For example, with- 
out full knowledge of the l^our force, control of the distribu- 
tion of workers was impossible. Similarly, ignorance of the costs 
of retail distribution make estimates of the national product 
little better than mere guesses. With the support of the govern- 
ment an inter-departmental committee has been created and 
entrusted with two tasks. ^ The first is to recommend any im- 
provements that may be made in the existing coverage of official 
statistics. The second is to assist in explaining what data are 
avafiable on various subjects. Progress in this respect is regret- 
tably slow; only four studies have so far been published.^ The 
Royal Statistical Society, however, has produced a series of 
papers covering a wide range of subjects, from the census of 
production to the statistics of brewing, which indicate the main 
sources of data, both official and private.^ 

^ The Home Market, 19S0. Revised edition. M. Abrams. Allen & Unwin. Marketing Survey of the 
United Kingdom. Business Publications Ltd., 1951. 

* Interdf^aitmental Committee on Social and Economic Research. 

* Guides to Official Sources, No. 1, Labour Statistics. No. 2, Census Reports of Great Britain, 1801- 
1931. No. 3. l.ocal Government Statistics. No. 4. Agriculture and Food Statistics. Published by 
H.M. Stationery Office. 

* Tfag Sonreeg and Nature of Statiitict of the United Kingdom. Vol. 1 and Vol. 11. 
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The purpose of this chapter is to indicate particular sources 
which are of interest to the student of economic affairs. No 
attempt is made to be comprehensive or to discuss the detail of 
such statistics. Emphasis will be laid on the scope and any 
deficiencies of the existing data. 

The most useful source of statistical information compiled by 
the government is the annual ‘Abstract of Statistics’. This is a 
joint publication by the Central Statistical Office and the Statis- 
tical Divisions of the various government departments. Al- 
though most of the data are collected by government agencies, 
some information is provided by private organisations. The 
‘Abstract’ is published annually and for many series the data for 
a ten-year period are brought together. As a general rule, when 
any information is required, the annual Abstract should be the 
first source to be consulted. Since 1946 the Central Statistical 
Office has produced the Monthly Digest of Statistics, which, like 
the Annual Abstract, has a wide coverage. It excludes, however, 
the data relating to social conditions and deals primarily with 
economic data. Monthly figures of supplies of fuel, raw materials 
and finished products together with indices of output in selected 
manufacturing industries are provided. These are supplemented 
by data covering labour, wages, transport, and foreign trade, as 
well as important financial statistics. For most of these items the 
Monthly Digest gives monthly data for the last one or two years, 
together with comparable figures for the earlier years. To ensure 
that the data given in the Digest are correctly interpreted, a 
supplement is issued in January each year. This provides de- 
tailed definitions of units and items given in the Monthly Digest. 

Another useful monthly publication entitled Economic Trends 
is produced by the Central Statistical Office in collaboration 
with the Statistical Divisions of government departments. It 
provides both charts and statistics illustrating current trends in 
the United Kingdom economy. Each issue also now contains at 
least one article commenting on features of current economic 
statistics or introducing a new series, or describing methods used 
by a Statistics Division of a government department in the 
preparation of their particular data. 

More detailed information on a very large variety of eco- 
nomic subjects is published at intervals in the weekly Board of 
Trade Journal. For current data this is more up-to-date and 
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useful than either the Annual Abstract or the Monthly Digest, 
Much of the industrial and commercial information contained 
in the Monthly Digest appears in rather greater detail and earlier 
in the Board of Trade Journal. Important in its specialist field is 
the Ministry of Labour Gazette published monthly. All data re- 
lating to the labour force, working conditions, and wages, are 
first published in the Gazette. 

We now go on to consider a few selected and more important 
sections of official statistics. 

Manpower 

In the situation described as ‘full employment’, the govern- 
ment must pay special attention to statistics of labour. Despite 
the fact that the size of the national income of the community is 
ultimately dependent on the size and productivity of its labour 
force, it is only since mid-1948 that reliable estimates of the 
working population have been prepared. Until the beginning of 
the war, the size of the working population could only be esti- 
mated, although the number of insured unemployed wdS known 
fairly accurately. All estimates of the working population made 
until 1939 were based on the insured population, which since 
the inception of the UnemjSloyment Insurance scheme in 191 1, 
had included only part of the working population. These annual 
totals of ‘insured workers’ were not, in fact, really comparable, 
since the scope of the Insurance Acts was changed at intervals to 
include new groups of workers. Thus the insured population of 
some 10 million in 1920 had risen to over 18 million by 1939. 
The percentage figures of unemployment which were calculated 
monthly were based on the number of insured workers registered 
as unemployed, i.e., those who had lodged their cards at the 
local employment exchange and the total number of insured 
workers. 

To calculate the size of the total labour force, those sections 
of the working community outside the scope of the Acts had to 
be estimated. The largest section were non-manual employees in 
receipt of more than £250 per annum,^ employers and the self- 
employed, Furthermore, the number of private domestic ser- 
vants could only be tentatively estimated. In any case, compara- 
bility between the monthly totals of insured workers before and 

1 Raised in 1940 to £420 p.a. 
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after September 1 937, is affected by the introduction of a revised 
counting procedure. Before the war only the decennial Census of 
Population held in 1931 yielded comprehensive data on the 
working population.^ The distribution of workers actually em- 
ployed in manufacturing and extractive industries was also de- 
rived from the 1935 Census of Production. Unfortunately, the 
classification employed in both of these censuses differed from 
that of the Ministry of Labour. This situation no longer exists 
since the introduction of the Standard Industrial Classification 
in 1948. All government departments now use this as the basis 
of industrial classification. 

The wartime problem of allocating scarce labour between 
competing claims led the government to fill in the serious gaps 
that existed in its labour statistics. Quarterly returns of em- 
ployees from firms in the engineering industry were introduced 
early in 1940. Half-yearly returns were collected from the textile 
industry, as well as from a sample of firms in the catering and 
distributive trades. These figures were supplemented by official 
returns of staff and employees in the Civil Service and Local 
Government. Regular returns of certain classes of workers were 
made by various government departments, c.g., the number of 
building operatives was returned by the Ministry of Works, and 
that for teachers by the local authorities. By the end of the war, 
the Ministry of Labour was in a position to make fairly reliable 
estimates of the working population. The major source of weak- 
ness in the figures arose fVom the lack of information about the 
numbers in the employer and self-employed groups. Neverthe- 
less, comparable published estimates of the working population 
compiled on this basis are available for June 1939, and for the 
same month in every year from 1941 to 1947. The steady im- 
provement in the coverage of the data collected enabled the 
Ministry of Labour to publish comparable figures for every 
month from mid- 1945 to January 1949, revealing the distribu- 
tion of the labour force between a very large number of indus- 
tries. 

The main lesson to be learnt from the above sections is that 
the continuous extension in the coverage of the insurance figures 
before 1939 makes impossible inter-year comparison of totals 
for more than a few years at a time. Whatever source is 

1 For example, the 1931 Census Report contains the only compr^ensive data relating to the profes- 
sions. intimates could, of course, be made from the membership lists of the professional societies. 
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consulted, a careful check of the footnotes is essential if the data 
are to be correctly interpreted. 

The introduction in July 1948, of the National Insurance Act 
resulted in the provision of new and comprehensive data. Under 
this Act, every gainfully occupied individual must register. In 
theory, therefore, the totals of insured persons should yield an 
exact figure of the labour force of this country.^ Unfortunately, 
there is ample evidence that some employers and self-employed 
persons are not registered under the Act. There are, too, at the 
present time a number of aged workers beyond its scope. When 
the scheme was introduced, every worker received an insurance 
card, and the count of these cards provided the first reliable 
estimate of the entire working population, subject to the remarks 
above. Due partly to the greater coverage of the 1948 Act and to 
the counting of part-time workers as whole units instead of half- 
units as was done before, the figure for the ‘working population* 
at mid- 1948, as given in the published statistics, rose by about 
two million. 

With an insured population of some 23 million persons, it is 
not administratively possible to continue, as under the old Act, 
the practice of an annual exchange of all cards at one time, i.e. 
in July each year. Instead, tKe cards are now exchanged in four 
groups at the beginning of March, June, September, and Decem- 
ber. Each group, however, constitutes a random sample of the 
population (of cards), and tentative estimates of the total num- 
ber of insured workers and changes therein can be obtained by 
multiplying by four any one of the four quarterly totals of cards 
exchanged. It is not practicable, however, to use a single quar- 
ter's cards for an analysis of the industrial distribution of the 
labour force. This is done once yearly. The estimated distri- 
bution at end-May is obtained by supplementing the data 
derived from the June exchange of cards with returns from em- 
ployers of 5 or more workpeople in June, indicating the number 
of cards held by them, and the number due for exchange in that 
month. This enquiry covers more than three-quarters of the 
employed population. These returns coupled with the June cards 
actually returned, are analysed on the basis of the Standard 
Industrial Classification and the final figures are published 


^ Not all married women in employment are included since they are covered for limited benefitt by 
their husband's insurance. 
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annually - usually in February following the count in the 
Ministry of Labour Gazette,^ 

The end-May totals of employees calculated as described 
above, and published in the Gazette of the following February, 
relate to all industries in both Great Britain and the United 
Kingdom. The totals are analysed by sex and by age; in the case 
of the latter it is a breakdown as between the under and over 18 
year olds' for both sexes. These estimates include not only those 
employees absent from work on account of sickness or any other 
cause but those in the various industries who are unemployed. 
The June issue of the Gazette contains a regional analysis of the 
total number of employees classified by age and sex, together 
with an estimate of inter-regional migration of each age/sex 
group, as well as a detailed age analysis of the employees in each 
industry. In addition there is an estimate of the number of 
married women in employment. In the August issue there is 
published an important set of data showing the number of young 
persons under 18 years of age taking up employment for the 
first time during that year, classified by the industry entered, age, 
and the type of employment taken up. 


TABLE 59 

Total Working Population - Great Britain 



Strength 

(in thousands) at 

Change during 
twelve months 

June 1957-58 

June 1957 

June 1958 

’OOO’s 

Per cent 

Total Working Population 

24,188 

24,070 

- 118 

-- 0 5 

of which : 





Men 

16,225 

16,166 

- 59 

— 0 4 

Women 

7,963 

7,904 

— 59 

— 0-7 

H.M. Forces and Women's 





Services . . 

702 

614 

— 88 

— 12-5 

Total in Civil Employment 

23,245 

23,080 

— 165 

— 0*7 

of which: 





Men 

15,367 

15,294 

— 73 

— 0-5 

Women 

7,878 

7,786 

— 92 

— 12 

Registered Unemployed* 

1 250 

432 

^ 182 

+ 72*8 

of which 





Wholly Unemployed* 

1 235 

370 

-1 135 

+ 57*4 ■ 

Temporarily Stopped* . . 

15 

62 

-1- 47 

4 313-3 


Source: Ministry of Labour Gazette , August 1958. 

* End of month esthhates. Persons classed as temporarily stopped are included 
in the totals of pensons in civil employment. 


^ For a detailed account of the counting procedure and the final analysis sec the Gazette for 
February 1958. 
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Apart from the foregoing annual figures, the Gazette also pub- 
lishes various quarterly statistics. One set of data measure the 
labour turnover in the manufacturing industries - intake and 
wastage being expressed as percentages of the total number of 
employees. The other provides a summary of the information 
supplied by employers in manufacturing industry about short- 
time and over-time working. These figures are based upon a 
quarterly return from employers and arifs published for each of 
the main industrial groups, as well as for selected individual in- 
dustries within each group. The group and industry statistics 
relate to the number of workpeople actually working either 
short or over-time, as well as an estimate of the aggregate 
number of hours lost or overtime worked. 

The best known figures published in the Gazette are the 
monthly analyses showing the numbers of men and women 

TABLE 60 


ManpowI'R in Civil Employment in Great Britain 


Industry or Service 

Stre 
(in thou 

ngth 
sands) at 

Change during twelve 
• months June 1957-58 

June 1957 

June 1958 


Per cent 

Agriculture and Fishing 

/1 ,025 

1,002 


— 2-2 

Mining and Quarrying 

868 

854 

HQHIII 

— 1-6 

Chemicals and Allied Trades. . 

534 

529 

— 5 

— 0-9 

Metal Manufacture . . 

579 

558 

-- 21 

— 3-6 

Vehicles 

1,225 

1,241 

+ 16 

4- 1-3 

Engineering, Metal Goods and 
Precision Instruments 

2,814 

2,785 

— 29 

— 10 

Textiles 

934 

864 

~ 70 

— 7*5 

Clothing (inc. footwear) 

678 

648 

— 30 

— 4*4 

Food, Drink and Tobacco 

916 

929 

-f 13 

+ 1-4 

Other Manufacturers 

1,591 

1,565 

— 26 

— 1-6 

Total in Manufacturing Industries 

9,271 

9,119 

— 152 

— 1-6 

Building and Contracting 

1,519 

1,495 

— 24 

— 1-6 

Gas, Electricity and Water 

379 

378 

— I 

— 0*3 

Transport and Communication 

1,723 

1,715 

— 8 

— 0*5 

Distributive Trades . . 

2,945 

2,979 

+ 34 

4- 1*2 

Professional Financial and Mis- 
cellaneous Services 

4,217 

4,247 

4- 30 

4- 0-7 

National Government Service 

543 

530 

— 13 

— 2-4 

Local Government Service 

755 

761 

+ 6 

4- 0-8 

Total in Civil Employment 

23,245 

23,080 

— 165 

— 0-7 


Source: Ministry of Labour Gazette^ August 1958. 
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comprising the total working population, /.c., those in civil em- 
ployment, the unemployed and members of the forces. The form 
of publication is reproduced in Table 59. This is supplemented 
by an analysis of manpower in civil employment into the main 
industrial groups as shown in Table 60. These data are in their 
turn given in more detail for individual industries where monthly 
data are available, /.c., from all firms employing 100 or more, 
and from a 25 per cent sample of those firms with between 1 1-99 
employees. These tables classify the labour force by sex and 
show the actual numbers employed in each industry at selected 
dates in each of the quarters. 

Apart from data on the employed population, detailed statis- 
tics about the unemployed insured population are prepared. 
Monthly analyses of these data are given, classified by age and 
sex, by industry, by duration of unemployment, and by regions 
and principal towns. Since the war, analyses of the unemployed 
totals in the Development Areas have also been published. 
Table 61 shows one of the monthly tables on unemployment. 
Since 1948 all the data have been classified on the basis of the 
Standard Industrial Classification, so that comparisons of cur- 
rent data, c.g., of wage rates in particular industries, with the 


TABLE 61 

Numbirs and Rates or Regisiered Unemployed - Great Britain 


Region 

Numbers of Persons Regis- 
tered as unemployed at 
13lh October 1958 

Percentage rate 
of unemployment (a) 

Males 

Females 

1 

Total 


Females 

Total 

London and South- 
Eastern 

55,905 

20,428 

76,333 

16 

10 

1-4 

Eastern and Southern 

28,526 

9,922 

38,448 

19 

1-3 

1-7 

South Western 

21,706 

8,266 

29,972 

2-7 

2-1 

2-5 

Midland . . 

29,008 

11,899 

40,907 

21 

1-6 

1-9 

North- Midland 

18,779 

7,371 

26,150 

19 

1-5 

1-7 

East and West Ridings 

32,070 

13,876 

45,946 

26 

2-2 

2-5 

North-Western 

60,297 

35,275 

95,572 

1 3-2 

3-2 

3-2 

Northern . . 

25,461 

10,294 

35,755 

2-8 

2-7 

2-8 

Scotland . . 

60,815 

25,002 

85,817 

4-3 

3-3 

4-0 

Wales 

27,188 

11,754 

38,942 

40 

4-4 

4-1 

Great Britain 

359,755 

154,087 

513,842 

2-5 

20 

2-3 


(a) Number registered as unemployed expressed as percentage of the estimated 
total number of employees. 

Source: Ministry of Labour Gazette^ November 1958, 
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figures from earlier years are not always possible. This problem 
has been partly overcome by the publication of specially com- 
piled series back to 1947 of earnings for each class of worker 
and for selected industries. These ‘historical’ tables appear half- 
yearly. See for example the tables in the Gazette for September 
1958. 

All the data and tables published in the Gazette are accom- 
panied by explanatory notes which ind^ate briefly the source 
and composition of the figures as well as any weaknesses 
affecting comparability in the series over time. This is not the 
case when these figures are reproduced elsewhere, for example, 
in Economic Trends or the Monthly Digest. If any calculations 
or comparisons are to be made with published data on labour 
matters, the reader is well advised to extract his data from the 
primary source. For the research worker collating data over a 
long period, a study of the official pamphlet given in the refer- 
ences below is essential. 


REFERENCES 

Labour Statistics. Guides to Oflicial Sources No. 1. H.M.S.O. 

Production 

The importance for the national economy of knowing the level 
of production and its composition needs no emphasis at the 
present time. Many industries publish data relating to their 
activities, e.g. the post-war Ministry of Power publishes quar- 
terly statements on the coal mining industry, as well as an annual 
digest of statistics on all forms of fuel production and consump- 
tion. Lloyd'" s Register of Shipping provides an annual return of 
all ships over 100 tons gross under construction in the United 
Kingdom. The iron and steel industry publishes a monthly 
bulletin of statistics containing figures relating to the level of 
emplo 5 mient, output of various products, prices, international 
trade, and foreign production. Invaluable as these published 
data undoubtedly are, they relate only to segments of the national 
economy. The only way to find out the total value of all pro- 
duction in the country is to carry out a census of production. 

Apart from this, such a census provides a great deal of in- 
formation on other points. It reveals the division of the national 
industrial product between the various industries. The changes in 
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these data over time bring out the trend and relative importance 
of the individual industries. Without such information, central 
economic planning in respect of the distribution of labour and 
new capital construction is virtually impossible. Estimates can 
also be made of labour productivity and the ratio of supervisory 
staff to operatives in the different industries although such 
figures are of limited accuracy and value. Without all these data, 
the index of industrial production would be unreliable and 
estimates of the national product subject to wide margins of 
error. 

The first census of production in the United Kingdom was 
taken in 1907, and was followed by others in 1912, 1924 and 
1930. The last pre-war census, known as the fifth census, was 
held in 1935. Since the end of the war, following upon the 
Statistics of Trade Act 1947, a partial census has been taken in 
respect of industry in 1946, while a full census was held in 1949 
relating to industry in 1948. A census was taken for the years 
1 949 and 1 950, but the information then required was rather less 
than was required in the full census covering the year 1948. The 
1948 census was restricted to Great Britain, i.e., no censufj was 
taken in Northern Ireland, but with the passage there of an Act 
similar to the 1947 Act in this country, censuses were taken in 
Northern Ireland for the years 1949-51 inclusive and the results 
incorporated with those for Great Britain in the appropriate 
Board of Trade census reports for those years. It was intended to 
hold an annual census of production as from 1948 onwards. 
In the event, a complete census like that of 1948, in which 
a great deal of detailed information was required from firms, is 
to be carried out only once every three years. Thus the 1951 
census was a full-scale detailed census similar to that of 1948, 
while a similar census was taken for the year 1954. The Verdon 
Smith Committee recommended another full-scale census re- 
lating to the year 1957 which the President of the Board of 
Trade deferred and it will now relate to 1958.^ For the inter- 
vening periods, i.e. the years 1952 and 1953 and the years between 
1954 and 1958, the Board of Trade has conducted either sample 
surveys of industry or full censuses using a modified schedule 
with fewer questions. In the sample surveys, returns will be 
required from about one in seven of all establishments covered 

See Schedules reproduced on pp. 27*33. 
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by the census, and no return at all is made by the 80,000 manu- 
facturing firms employing 10 or fewer persons. The samples 
cover some 35,000 industrial establishments instead of the 
quarter of a million or so covered by the census. The sample 
enquiries differ from the full census in that no detailed questions 
are asked about goods sold or materials purchased. The ques- 
tionnaire has been reduced to a single sheet for these sample 
enquiries. 

The data collected in the census of production do not always 
relate to the calendar year, although we write about the ‘1948’ 
census. To facilitate the completion of the schedules, the ‘estab- 
lishment’ or firm may give figures relating to its financial year 
and not the calendar year. The effect of this concession is that 
‘1957’ for example, can mean any twelvemonth period ending 
between 6th April 1957 and 5th April 1958. According to Mr H. 
Leak, a former director of the census, the mean year-end of the 
reporting firms is mid-December. 

For statistical purposes the term ‘production’ requires careful 
definition. Thus, from the economic point of view, any g»ods or 
services produced and exchanged for value constitute ‘product- 
tion’. The census, however, is restricted to the extractive, build- 
ing and manufacturing indjjstries in both private and public 
ownership. The first category includes mining and quarrying, 
but not agriculture, the last group includes firms which are en- 
gaged in repair work for the trade, e.g., a ship-repairer. Despite 
the use of the term ‘census’, the enumeration of firms is far from 
complete. In Great Britain only those firms employing more than 
ten workers return the full schedule. For smaller firms, i.e., those 
with ten or fewer workers, a return giving the nature of the trade 
carried on and the number of employees only is required. In 
certain trades, however, in which small firms are believed to 
represent a large proportion of total output the 1948, 1951 and 
1954 full censuses required such firms to make a simplified 
return. This varied from trade to trade. Such establishments are 
known as ‘small firms’ ; it should be noted that the data derived 
from the Northern Ireland censuses does not include any in- 
formation relating to small firms. The census there covers only 
firms employing on the average more than 10 persons, described 
in the census as ‘larger establishments’. 

The Board of Trade publishes rq>orts on each industry 
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TABLE 62 

Census of Production: Brewing and Maliing Industry 
Summary of returns received from firms employing on average more than 10]:>ersons 


Item 


Unit 

Great 

Britain 

1948 

United Kingdom 


1951 

1954 

1 

Number of establishments 

No. 

695 

623 

712 

2 

Total value of sales and work done . . 

£•000 

465.603 

440,825 

450.732 

3 

■for »d w“k > “* beginoinBofyear 

* ( ‘Change during year 

Gross output (production) 


17,177 

20,043 

22,332 

4 


3.082 

4- 1,368 

— 277 

5 


465.390 

442,193 

450,456 

6 

Purchases of materials and fuel 


81,450 

102,036 

96.944 

7 

Stocks of mater- ( at beginning of year 


17.185 

20,979 

27,387 

8 

ials and fuel / change during year 

•• 

4 2.916 

4- 5,066 

— 3,166 

9 

Costs of materials and fuel used 


78,534 

96,970 

100,111 

10 

Payment for work done on materials 
given out 


415 

364 

429 

11 

1 on beer brewed (net) . . 


289,979 

247,749 

238,177 

12 

Customs and ( on deliveries for home 
Excise duties [ consumption of wines 

1 and spirits . . 


5,645 

7,249 

5,843 

13 

Payment for transport 


3,294 

4,736 

5,388 

14 

Net output 


90,816 

85,125 

100,509 

15 

Average number | operatives 

No. 

56,621 

55,767 

52,712 

16 

of employees f others 


14,413 

15.058 

15,063 

17 

Total employment 


71,069 

70,847 

67,792 

18 

Net output per person employed 

£ 

1,278 

1,202 

1,483 

19 

Wages and l of operatives . . 

£’000 

16,132 

18,274 

21,008 

20 

salaries ( others 


7,914 

9,016 

10,182 

21 

Capital Expenditure: 

New building work 


996 

1,546 

2,266 

22 

Plant and ( acquisitions . . 


4,206 

6,048 

4,296 

23 

machinery j disposals . . 


118 

131 

381 

24 

v<-hiVie« ♦ acquisitions , . 

vehicles , disposals 


M39 

1,110 

1,175 

25 


105 

125 

228 


Summary of returns received from firms employing on average 10 or fewer persons 




Great 

United Kingdom 


Unit 

Britain 





1948 

1 1951 

1 1954 

Number of returns 

No. 

112 

100 

92 

Total employment including working proprietors 

; 

568 

1 

541 

' 516 

1 


Source: Census of Production 1954. Vol 9: H. 


Additions may not agree due to rounding of figures. 

covered in the census. In addition, for each census at the com- 
mencement of the publication of these industry reports, a docu- 
ment entitled ‘Introductory Notes’ is produced. This contains a 
detailed account of the scope and scale of the census together 
with the definitions employed as well as an explanation of the 
tables published in the individual industry reports. Whenever 
data are to be extracted from the industry reports, although the 
latter contain notes relating to the tables, it is advisable to turn 
to the fuller ‘Introductory Notes’ to avoid errors in extraction. 
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Table 62 is taken from the industiy report on those establish- 
ments engaged wholly or mainly in brewing and malting. The 
table it will be noted deals mainly with the larger establishments, 
i.e, those with more than ten employees ; information is given, 
however, of the number of smaller firms and their total em- 
ployees. The terms used in Table 62 are carefully defined in each 
report as follows: 

(1) The ^ross output of a trade is the t^i^^tal value of the goods 
made and other work done during the year. It is in effect the 
value of sales together with the change over the year in the 
stocks of work in progress and finished goods. This is shown 
in the table as items 2 plus 4 equals 5, or gross output. It will 
be seen that this relationship of items does not stand in the 
case of 1948. This is because before 1951 the figure of gross 
output excluded any payment for carriage inwards charged 
on raw materials. 

(2) Cost of materials and fuel used are inflated after 1948 by the 
inclusion of transport costs, which were excluded in the 
previous years. The term ‘materials’ covers all manufacturing 
costs from consumable tools and plant repairs to packing 
materials. In a large organisation the final product of a 
separate manufacturing /unit is often the raw material of 
another unit. These independent ‘units’ usually make 
separate returns to the census authorities, but there has been 
a change in the method of valuing materials transferred in 
this way. Since the war the value is to be that which would 
be charged to an outside purchaser. In the pre-war censuses 
some firms charged out the goods at their internal costing 
price, /.c., a fictitious value employed for internal finance and 
costing. It will be seen from Table 62 that the cost of 
materials and fuel actually used during the year is the figure 
(item 9) calculated from the purchases and stocks of fuel 
which are shown separately (items 6-8). 

(3) The net output constitutes the firm’s contribution to the 
national product, i.e. the value added to the materials by the 
manufacturing process carried out by this firm. Alternatively, 
net output may be regarded as the fund from which wages, 
salaries, rent, depreciation and all selling expenses as well as 
profits are made. As well as deducting the cost of materials 
and fuel used (item 9) from the gross output, payment for 
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sub-contracted work (item 10) and transport (item 13) as well 
as Customs and Excise duties (items 11-12) are also taken 
away. The resulting amount is termed the net output (item 
14). 

(4) The table contains information relating to wages and 
salaries of persons employed as well as the number of 
employees. On the basis of these two items a figure described 
as net output per person employed is derived. This particular 
figure must be interpreted with great care. It is at best a poor 
indicator of the relative efficiency of labour in different in- 
dustries. An obvious and important factor affecting output 
as between different industries is the degree of mechanisation 
in them. There is, too, the often overlooked fact that the 
final products, especially when the comparisons are between 
different countries, are seldom identical. Contrast, for 
example, llie British and American ‘family’ car. This par- 
ticular figure serves primarily to indicate the changing 
productivity of labour within the industry. If we assume that 
the working week remains unchanged then any increased 
productivity per worker is presumably accounted for either 
by a greater degree of mechanisation or a more intensive and 
efficient utilisation of resources. 

(5) It will be noted that figures are given for three years. These 
three sets of figures, however, are not strictly comparable as 
the 1948 census covered Great Britain only, not Northern 
Ireland. The 1951 and 1954 censuses, however, covered the 
United Kingdom, i.e. they included Northern Ireland. Care 
must be exercised, as always, when extracting such data. 
Whenever in the official Board of Trade publications data for 
these three censuses are given without reference to their 
different coverage, then it may be assumed that any adjust- 
ments necessary as between the results of different years have 
been made. For the person unacquainted with the many 
changes in the Censuses of Production, the danger arises that 
in an attempt to show changes over a longer period, for 
example as between pre-war and post-war years, for any 
industry, figures which are not in fact comparable may be 
extracted and set side by side as if they were. 

Table 63 is another standard table reproduced in all the in- 
dividual industry reports. It provides an analysis by size, i.e. 
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labour force, of the larger establishments. The student will note 
that the class interval in the first column headed ‘average 
number employed’ is not constant. It is clearly urmecessary that 
it should be so, since the information provided in the Table is 
sufficiently detailed for all practical purposes. The information 
relating to remuneration of operatives and other employees is a 
feature of the post-war censuses. Pre-war, the size of the firms’ 
labour force alone had to be returned. .The classification then 
employed consisted of two groups: operatives, covering all 
manual workers; and administrative, technical and clerical staff. 
Both of these two groups were further sub-divided as either 
‘over’ or ‘below’ 18 years of age. It was only with the passage of 
the Statistics of Trade Act 1 947 that firms were compelled to 
make a return of salaries and wages. This information was first 
available in the 1948 census. 

As mentioned earlier, sample censuses of production are 
carried out in the years between the full censuses, e.g. 1955, 1956 
and 1957. While not achieving the absolute accuracy of a full 
census, the sample covers a large proportion of the industry. 
For instance, the 1957 sample although drawn from about one 
in nine industrial establishments, included all of the largest ones 
and accounted for about 70 per cent of the total output. In 
certain industries, e.g. coal mining, gas and electricity supply, 
etc. , sampling methods were not necessary as full information was 
already available. Sampling was also unnecessary in Northern 
Ireland. A sampling frame stratified for each industry is em- 
ployed and the provisional figures which are first published in 
the Board of Trade Journal are unlikely to be substantially 
amended. An example of the information given in the Board of 
Trade Journal is shown in Table 64. Similar information is given 
for nearly all the industries covered by the full census. Note that 
the three years prior to 1 957 are given for comparative purposes. 
These sample figures refer to the entire industry, not just the 
larger establishments. 

A particular feature of the Census of Production data is that 
the classification employed is the Standard Industrial Classi- 
fication, which is also employed by the Ministry of Labour so 
that data from both sources relating to labour distribution 
between industries and different occupations are now com- 
parable. This was a considerable advance upon the situation 



TABLE 63 

1954 Census of Production; Brewing and Malting Industry 
Larger establishments analysed by size of labour employed 
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Source: Census of Production 1954, Vol. H. 
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TABLE 64 

Census of Production 1957: Brewing and Malting Industry 



Unit 

1954 

1955 

1956 

1957 

Gross Output 

£m 

454' 1 

471-9 

494-7 

520-3 

Net Output . . 


101-3 

107-7’ 

113-7 

127-1 

Average number employed : 

Total including working pro- 
prietors . . 

Thou- 

sands 

68-3 

69*7 

67-6 

68-9 

Operatives . . 


53-1 i 

54-0 

52-0 

52-8 

Other employees 


15-2 

15-7 

15-6 

161 

Wages and salaries : 

Operatives. . 

£m 

21-2 

22-9 

24-1 

25-9 

Other employees 


10*3 

10-9 

11-4 

12-5 

Change during the year in : 

Stocks of materials and fuels. . 

H 

— 3-2 

-- 0-2 

+ 0-5 

4- 0-5 

Work in progress and stocks of 
products 

■ 

— 0-3 

~ 0-5 

4 0-7 

H M 

Capital expenditure: 

Plant, machinery and vehicles 
acquired 

1 

5-6 

5-8 

6-5 

8-7 

. New building work . . 


2-3 

3-0 

3*2 

3-7 


Source: Board of Trade Journal^ 21st November 1958. 


which existed before the Standard Industrial Classification was 
introduced in 1948. Prior to that date, data relating to the labour 
force, in all cases incomplete, were obtainable from the Census 
of Production, the Census pf Population, and the Ministry of 
Labour Statistics. The data from each source were classified on 
different bases. 

The Census of Production is the most valuable source of 
information available to the Central Statistical Office for com- 
puting the national product. It is particularly important in view 
of the information it gives relating to changes in stocks of both 
finished products and work in progress, as well as of materials 
and fuel. The information provided by the recent Census of 
Production relating to capital expenditure on plant, machinery 
and vehicles, as well as new building work, is a big step forward 
in filling a very serious gap in our national economic statistics.^ 

The census, however, did not fully meet the requirements and 
a quarterly sample of over 600 companies covering the manu- 
facturing, distributive and service and transport industries was 
instituted at the beginning of 1956 to give details of capital 
expenditure. The results of these sample enquiries are published 
quarterly in the Board of Trade Journal. These figures not only 

^ See pp. 27*33 for the type of schedules used in the Census; they will indicate the scope of the 
information collected. 
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show the amount of investment outlays in past periods, but also 
give an indication of investment intentions for the coming 
period. These ‘forward looking’ statistics, as they are termed, are 
very important. They are limited as yet, having only recently 
been started in order to simplify the task of forecasting economic 
changes. Too much reliance should not be placed on the 
absolute figures. Rather it is the underlying movement from 
quarter to quarter and year to year which is significant; e.g. a 
sharp drop after several periods of rising outlays may presage a 
loss of business confidence which, if not countered by govern- 
ment spending, will lead to a deflationary spiral. 

In the sample Census of Distribution which was undertaken in 
respect of 1 957, questions on capital expenditure were asked . The 
Board of Trade is already aware of much of the building and 
civil engineering work carried out for public authorities and 
nationalised industries. There was, however, a serious gap in 
respect of private housing, of smaller works, and of the rate at 
which contracts were met. To cover this gap the Ministry of 
Works is collecting information quarterly from the building 
industry. 

A similar position exists in respect of trading stocks held by 
manufacturers and traders. The Census of Production provides 
much useful information but it needs supplementing. The Board 
of Trade began a quarterly enquiry in 1953 which now covers 
about 350 manufacturers who account for over 40 per cent of the 
total value of stocks held by manufacturing industry. Even this, 
however, did not cover stocks held by distributive trades and the 
Board of Trade have started two enquiries to extend their in- 
formation in this field. The first is a quarterly sample of whole- 
salers’ stocks and the second is an annual sample of stocks and 
fixed investment in the distributive and service trades. The first 
enquiry related to the situation in 1956.’^ 

It will be seen that much has been done since 1945 to provide 
comprehensive and up-to-date infomialion on those sectors of 
the national economy which are covered by the censuses of 
production and distribution. 

REFERENCES 

Report of the Committee on the Censuses of Production and Distribution, 
Cmd. 9276, H.M.S.O. 1954. 

^ A description of the methods of estimating both annual and quarterly figures of stocks is given 
in Economic Trends* March 1959. 
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Index of Industrial Production 

The purpose of the Index of Industrial Production is to 
provide a general measure of monthly changes in the level of 
industrial production in the United Kirtgdom. The index is pre- 
pared by the Central Statistical Office in collaboration with the 
various statistical divisions of certain Ministries, in particular 
the Board of Trade and the Ministries of Supply and Works. 
The index is published monthly in the Monthly Digest of 
Statistics and the Board of Trade Journal. An official account of 
the construction of the index following the 1952 revision is 
available.^ 

The index of industrial production covers mining and quarry- 
ing, manufacturing, building, and public utilities, gas, electricity 
and water, but excludes agriculture and transport. While the 
index is designed to reflect changes in the level of industrial 
production from month to month, the individual series or in- 
dicators are based as far as possible on weekly rates of pro- 
duction in each industry, l^me of the industries and industrial 
groups for which separate indices are prepared are shown in 
Table 67. It covers production in both private firms and 
nationalised industries, as well as central and local government 
establishments. The index incorporates about 1,300 individual 
series, each series being separately weighted. By ‘series’ is meant 
the indicator relating to output in individual industries. As may 
be seen from Table 65 over four-fifths of the indicators used to 
measure production from industries covered by the index are 
based on output data. But this overstates the extent to which the 
index is based on figures of output. Owing to inadequate data for 
certain series, it has been necessary to use as indicators of 
production data relating to the value of deliveries or sales; in 
some cases reliance is placed upon figures of the material con- 
sumed and, occasionally, the labour employed or man-hours 
worked. These alternatives are not as satisfactory as the output 
data itself, but basically it is true to say that the index is based 
largely on series of physical output. The following table, taken 

^ The Index of Industrial Production. Studies in Official Statistics No.2. H.M.S.O. 
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from the official account of the index, illustrates the sources of 
production indicators used in compiling the index together with 
the percentage weighting attached to each category of indicator. 
As a result of the 1958 revision when the index was recalculated 
on to a new base, 1954, for which year new census of production 
data were available, some additional and improved series or 


TABLE 65 


Nature of Series used in Index revised in 1952. 
Base Year 1 948. 

No. of Series 

Percentage 
of weight 
carried 

Output 

Quantities delivered or produced . . . . ! 

1,150 

55*2 

Value of deliveries or sales 

100 

26 5 

Input 

Quantities of major materials received . . . . ! 

37 

117 

Number of persons employed , . ' 

13 ; 

6-6 


1,300 1000 


Source: H.M.S.O. report, op. cit. 


‘indicators’ were introduced. For example, indicators based on 
‘values of deliveries or sales’ which provided 26-5 per cent are 
now available for 32 per cent of the total weighting, while the 
‘number of persons employed’ indicators now account for only 
H per cent of the weighting, A further improvement in the index 
is possible since the indicators expressed in value terms can now 
be satisfactorily ‘deflated’, i.e. adjusted to reflect volume changes 
only by eliminating changes in price, by the use of the index of 
Wholesale Prices which was first introduced in 1948.^ 

Since it is the purpose of the index to compare the level of 
production in different months, corrections have to be made for 
the fact that calendar months do not all contain the same number 
of working days. Furthermore, some contain four, and others 
five Saturdays, a day on which production is likely to be lower 
than on the other days of the week. Such vagaries of the calendar 
have as far as possible to be eliminated. Most of the 1 ,300 series 
used in the index relate to the ‘output’ of weeks or calendar 
months. Table 66 below illustrates the nature of the data avail- 
able in terms of the period to which it relates. It will be apparent 
from that table that some adjustment of the data relating to 

1 This index is described on pp. 400-3. 
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about one-third of the various series was necessary in the 1948 
index. Since 1952, however, new data have become available and 
in the new index based upon 1954 the annual series shown in 
Table 66 have been replaced with short period statistics. No 
details have yet been published. One advantage of this change is 
that it will reduce the number of retrospective revisions that have 
had to be made in the past to published indices. 


TABLE 66 


Series classified by period covered by output data 
1948. 

! No. of Series | 

Percentage 
of weight 
carried 

Time Interval 

Calendar months 

950 ; 

35] 

Weekly figures and weekly averages of periods of 4 
and 5 weeks 

135 

27 0 

Quarters 

130 

24-5 

Yearly (without alternative series for shorter inter- 
vals) 

40 

2-7 

Yearly (with alternative series for shorter intervals) 

45 

10*7 


1,300 

1000 


Source: op. cit. H.M.S.O. 


Apart from correcting the monthly indices for the varying 
number of working days i^ each month, separate indices are 
prepared which have been adjusted for holidays and other 
seasonal causes of variation in production. The object of this 
series is to eliminate the usual month-to-month fluctuations and 
to bring out the trend more clearly. Experience in this field has 
revealed that the seasonal pattern varies slightly from year to 
year, so the seasonal corrections applied to the monthly series 
need to be kept continuously under review and reassessed each 
year. The official account of the index emphasises that these 
seasonally corrected indices should not be regarded as in any 
way more reliable than the uncorrected series; nor are they 
intended to replace them. They emphasise the trend, whereas the 
original uncorrected monthly series measure the fluctuations in 
the weekly rate of production from month to month. 

The weighting of the various indicators or series is based on 
the value of the net output of corresponding industries in 1954 
as given by the Census covering that year. The net output of an 
industry, as defined for purposes of this Census, is the selling 
value at factor cost of services and finished and partly finished 
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goods produced by that industry during the year. Alternatively, 
it may be regarded as the gross output less the costs incurred in 
production of that output.^ Certain adjustments have had to be 
made to the Census data, in particular with regard to the in- 
clusion in Census aggregates of the amounts paid for services 
rendered by other industries. Allowance has also had to be made 
for the output of small establishments, since the Census figures 
of net output relate only to establishments employing more than 
ten persons. Even after deriving the net output each industry 
it was often necessary to apportion it over several products with- 
in the industry to provide appropriate weights for the individual 
indicators. In terms of index number theory, the index is the 
arithmetic mean of a collection of indices measuring the output 
of a large number of industrial goods each based upon the ratio 
of outputs between any given month and the base period, each 
index (or quantity relative) being weighted by reference to base 
period quantities (j.e. Census of Production net output) valued 
at 1954 prices. 

The revised index which was introduced in 1958 differs from 
its predecessors, i,e. those based upon 1946 and later on 1948, in 
more respects than just its base year which is now 1954. The 


TABLE 67 

Index of Industrial Production* 
(Average 1954 — 100) 


Weights 

Standard 

Industrial 

Classi- 

fication 

Order 

Number 

Industry or industrial group 

1955 

1956 

1957 

2nd 

Quarter 

1958 

July 

1957 

1958 

100 00 

Il-XVIll 

All industries 

105 

106 

107 

108 

106 

98 

7 24 

11 

Mining and quarrying 

99 

99 

99 

102 

96 

84 


IIl-XVI 

Total manufacturing industries 

106 

106 

108 

109 

107 

98 

8-18 

III 

Food, drink and tobacco . . 

103 

105 

107 

109 

113 

104 

6-30 

IV 

Chemicals and allied industries 

106 

Ml 

115 

MS 

115 


6-87 

V 

Metal manufacture. Ferrous 

108 

Ml 

113 

115 

102 

82 


VI-IX 

Engineering and allied industries 

110 

108 

Ml 

111 

Ml 

104 

2-17 

VII 

Shipbuilding and marine engineering 

108 

117 

108 

105 

108 

107 

7-78 

VIII 

Vehicles 

IIS 

107 

MS 

115 

120 

116 


X-XIII 

Textiles, leather and clothing 

99 

99 

99 

100 

88 

80 

219 

XIV 

Timber, furniture, etc. 


94 

96 

95 

90 

87 

5-33 

XV 

Paper, printing and publishing 

108 

106 

109 

Ml 

113 

93 

483 

XVIII 

Gas, electricity and water . . 

105 

110 

112 

103 

108 

96 



Seasonally corrected : 





1 



II-XVIII 

All industries . . 




108 

106 

106 


IlI-XVI 

Total manufacturing industries 




108 

106 

107 


Source: Board of Trade Journal, 7th November 1958. 
^Selected indices only. 


^ See pp 354-3SS for definitions. 
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introduction of a revised Standard Industrial Classification in 
1958 has led to a reclassification and regrouping of certain 
industries.^ These changes, together with the new sources of 
data for the monthly indicators and revised weighting referred to 
above, effectively destroy the comparability of the different but 
successive series of index numbers. The Central Statistical 
Office has, however, calcvilated annual indices on the 1948 base 
using the revised Industrial classification.so that it is possible to 
measure changes back to 1948 with the new index. Similarly it has 
calculated annual indices for the new index (1954 = 100) back 
to 1955. Actually the changes in both the weighting and revised 
industrial classification affect only the movements in the series 
for the individual industries ; they hardly affect the index for ‘all 
industries’ which is the index usually quoted in economic dis- 
cussion. Pending publication of a revised edition of the official 
account of this index, the student requiring more detailed in- 
formation on these changes which are incorporated in the 1 954 
base index, is referred to the October 1 958 issue of the Monthly 
Digest of Statistics and Economic Trends for November*1958. 

While the substantial improvement in this index is freely 
acknowledged, it would be a mistake to place loo much emphasis 
on month to month changesyFor both the ordinary monthly and 
‘seasonally corrected’ or adjusted indices it is the general per- 
sistent movement in one direction or another which is the most 
satisfactory and reliable guide to production levels. 

Distribution 

Almost a century and a half elapsed after Napoleon des- 
cribed this country as a ‘nation of shopkeepers’ before official 
action was taken to ascertain the truth of this comment ! In 1 939 
nearly 1 5 per cent of the working population was engaged in the 
distributive trades, a total of 2-9 million persons. At the end of 
1954 eleven per cent of the nation’s total manpower was still so 
occupied. The term ‘distribution’ covers all the various channels 
through which goods pass from the manufacturer or grower (in 
the case of food) to the final consumer, i.e. all wholesalers and 
retailers. Included with these for the purpose of the Census are 
the service trades such as hairdressing, shoe repairing and 
garages ; in other words, the section of the working community 

1 The changes in the S.I.C. are not major, but they are sufficient to affect the comparability of some 
of the individual industry or group indices. 
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not covered by the census of industrial production. The first 
census of distribution ever was taken in Great Britain by the 
Board of Trade in 1951. Before this, information on the extent 
of the distributive trades, the number of shops, scale of their 
activities as reflected in the number of employees, their wage 
bill and annual turnover were unknown. Even the number of 
distribution outlets could only be estimated at something over 
three-quarters of a million as compared with an actual figure of 
about 700,000. 

A government committee set up in June 1945 recommended 
the taking of a census and the government acquired powers to 
conduct such an enquiry under the 1947 Act. The census was 
conducted by post during 1951 and the respondents were asked 
to provide information relating to their activities in 1950. The 
same concession regarding use of the firm’s financial year in 
place of the calendar year was made as is given in the Census of 
Production. Traders were given three months to complete the 
forms but it may be noted in passing that not merely was the 
response very slow but that a number of prosecutions arose from 
failure to make the statutory return. Despite the great efforts 
made to ensure the co-operation of the traders, many were sus- 
picious of the authorities’ intentions and unwilling to co-operate. 
In consequence, the accuracy of some of the returns must in- 
evitably be a matter for speculation. 

Before the forms could be distributed it was necessary to 
carry out a census of the distributive and related service trade 
establishments in the country. This was done during May to 
October 1950; enumerators all over the country listed the names 
and addresses of traders apparently falling within the scope of 
the census - note - ‘as far as could be judged from the outside of 
trading premises’. This is an interesting example of the diffi- 
culties encountered when a sampling frame is either non-existent 
as in this case and has to be built up, or is seriously defective. In 
this particular example the funds weie made available for a com- 
plete enumeration before the census. The enumerators distin- 
guished between shops, stalls, yards, depots and other types of 
premises. It should be noted that the enumeration staff had 
instructions not to enter the premises or question traders or 
their employees; the basis of their description as indicated 
above, was visual. 
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The purpose of the census - as distinct from the enumeration 
which preceded it - was to provide: 

(1) information about the number and size of wholesale and 
retail outlets and other establishments providing consumer 
services. 

(2) information regarding the value of the services rendered to 
enable more accurate estimates of the national product to be 
made. 

(3) a measure of the relative efficiency of the distributive system 
as between different regions in the country, e.g. which areas 
have the most shops of certain kinds per head of the popula- 
tion and what is their turnover. 

Apart from the above information which was piimarily of 
interest to the government in respect of its economic policies, 
the census was to provide further information which would be 
of interest to traders and their trade associations. Quite apart 
from their natural concern with the distribution of various types 
of shops throughout the country, they would have an interest in 
the turnover, wage bills, level of stocks maintained and ntethods 
of delivery employed. Some of the data assembled to answer 
these questions are reproduced below from the official reports. 

The data assembled as a result of the pre-census enumeration 
are reproduced in a publication entitled Britain's Shops and a 
detailed account is given of the enumeration, its difficulties and 
methods in the introduction to that report, which is better des- 
cribed by its sub-title, A Statistical Summary of Shops and Ser- 
vice Establishments. It contains a breakdown of the various re- 
tail shops into 22 classes, i.e. commodity traders, and service 
trade establishments into 5 classes. For each class of establish- 
ment the number in the country, in the counties, in the Metro- 
politan Boroughs and the City of London are given, as well as 
for towns of over 50,000 and 100,000 population respectively 
(excluding the metropolitan boroughs). For each class and area, 
the number of outlets per 10,000 population is given. This parti- 
cular report is quite distinct from the Census of Distribution 
reports themselves. There are, of course, differences in classifica- 
tion and of coverage. For example, the census proper obtained a 
91 per cent response (of all the outlets enumerated in the above 
enumeration) which was estimated to cover 95 per cent of the 
total trade of the retail establishments enumerated. 
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The Census of Distribution reports themselves are four in 
number; the three larger reports (one of which is devoted to 
Wholesale Trade) supplementing the Short Report which sum- 
marises the data collected for the retail trade. The results of the 
census describe the characteristics of retail trade in different parts 
of the country and in towns of various size. The data reveal the 
variations in gross margins (the best approximation to a measure 
of profit available from the data) between retailers in different 
lines of business as well as between retailers in the same line but 
of different sizes of establishment. Information relating to the 
distribution of sales of various kinds of goods between indepen- 
dent retailers, co-operative societies and multiple traders is also 
provided. Data showing the variation in stock levels and rate of 
stock turnover, wages and persons employed, as between dif- 
ferent sized establishments are given. For the wholesale trade 
information is available as to the geographical distribution of 
these organisations, the main commodities handled and the dis- 
tribution as between large and small wholesalers. 

The data reproduced in Table 68 must be interpreted with 
due regard for the definitions employed in the Census, quite 
apart from the basic considerations already mentioned of in- 
complete coverage and the probability of inaccurate returns. A 
‘retail establishment’ is defined as ‘a separate place of business 
engaged in the sale of goods at retail prices’. The goods covered 
by the classification of shops employed in the report are set out 
in appendices to the reports. The establishment was assigned 
under a particular heading, e.g. Grocery, after due consideration 
of all the information available, Le. enumerator’s return, infor- 
mant’s own description, division of sales etc. The headings under 
which the establishments are classified are divided into two cate- 
gories, ‘specialist’ and ‘combined headings’, e.g. grocers, and 
grocers with off-licence respectively .The breakdown of turnover 
was given for all establishments with an annual turnover exceed- 
ing £5,000. Multiple retailers and co-operative societies sub- 
mitted analyses of their sales by commodity, not by branch. 

Sales include all hire-purchase transactions originating in the 
year at their cash value plus any charge for credit provided by 
the retailer; the figures are shown inclusive of purchase tax 
where it applies. The data relating to employees are based on 
the return of all persons who worked in the business in the week 
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ended 24th June 1950. Working proprietors and members of the 
owner’s family are included if they worked in the shop. The 
‘gross margin’ is the difference between the value of sales and 
the value of purchases for the year plus the net change in the 
value of stocks over the year. It represents, in effect, the retailer’s 
margin out of which he must meet all business expenses includ- 
ing his remuneration. 

The Verdon Smith Committee on the Censuses of Distribution 
and Production recommended in 1954 (Cmd. 9276) among other 
things, that full censuses of distribution should be taken every 10 
years and that sample surveys should be taken from time to time 
in the interval between them. The first of these sample surveys 
was taken for 1957 and the preliminary results published early in 
1959." 

One of the most interesting features of this survey was the 
manner in which the sample was selected. The aim was to in- 
clude all traders with an annual turnover of over £100,000. These 
included all multiple retailers, all except the smallest cooperative 
societies, department stores, etc., but while it is fairly easy to 
enumerate all these larger traders with reasonable accuracy, 
there was no way of obtaining an up-to-date list of all other 
smaller independent traders. This object could only be achieved 
as in 1950 by enumerating them in a special census for that 
purpose. The remainder of the sample covering these indepen- 
dents was therefore taken on a geographical basis as follows : 

(i) New Towns, Central London and a few special areas where 
great changes were thought to have occurred since 1950; all 
retail trades were enumerated and a sample of one in five 
taken. 

(ii) Greater London : a sample of electoral wards stratified by 
size was taken, distinguishing between shopping and mainly 
residential areas, and all shops in the selected wards were 
included in the survey. 

(iii) Large towns (population 100,000 or more): a sample of 
streets stratified by size, i.e, number of shops in 1950, was 
taken. 

(iv) Other towns were sampled by taking a cross-section of the 
local authority areas and sometimes stratifying the areas by 

' special Supplement to Board of Trade Journal^ 2nd January, 1959. 

N 
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size, by sales in 1950, and by population change since 1950. 
(v) Rural Districts were also sampled by region after stratifying 
by size, either by population density or by population 
change since 1950. 

The census was carried out by post with a very energetic 
follow-up which gave an 89 per cent return from independent 
retailers, compared with a 96 per cent response from the larger 
traders, i.e. multiples, etc. So thorough.-. was the follow-up that 
returns were obtained from 75 per cent of street traders, pedlars, 
hawkers and itinerant market traders!^ The 1957 totals were 
estimated by compiling 19^0 as well as 1957 figures for the 
sample and calculating the ratio of 1957 to 1950 figures. These 
ratios were applied to the known 1950 totals to give the 1957 
estimates. 

The information obtained in the census included the number 
of establishments, turnover and number of people engaged in the 
establishments. All this information is analysed both by the 
form of the organisation and the kind of business. An example of 
the former is given in Table 69. This table gives a breakdown by 
turnover and the number of establishments for three major 
forms of retail organisation, i.e. reading across the table - 
cooperatives, multiples, etc.*^ and by the type of trade they carry 
on, i.e., reading downward. From the point of view of tabu- 
lation, one comment might be made, i.e. the figures of turnover 
could better have been given to the nearest £ million instead of 
£000 as in the excerpt reproduced on page 371 . 

Since the 1957 survey results are partly based upon sample 
data, the published statistics are subject to sampling errors. 
These have been calculated for each figure under the general 
classification of ‘independent traders’, i.e. Turnover, Number of 
establishments and persons engaged, for each category of 
business of trade. Allowance for the effect of the error on the 
total results, i.e. independent plus large-scale retailers, is also 
made in the corresponding figures for ‘all traders’. However, for 
all the industry an error of less than half of one per cent is given. 
The error is larger than this for individual items but considering 
that the sample was a 12 per cent one, i.e. covering about 57,000 
establishments out of a total of 480,000, the accuracy seems 

^ A full account of the tabulating and estimation processes is given in the Board of Trade Journal 
Supplement op. cit. 
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Source. Board of Trade Journal, 2nd January 1959. 
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reasonable and quite adequate for administrative and statistical 
needs. ^ 

REFERENCES 

Report of the Census of Distribution Committee, Cmd 6764, H.M.S.O. 1946. 

Britain's Shops, H.M.S.O. 1952. 

Census of Distribution Reports, H.M.S.O. 1953. 

The Census of Distribution, J. 1. Mason, The Incorporated Statistician, August 
1953. 

Report of the Committee on the Censuses of Distribution and Production. 
Cmd. 9276. H.M.S.O. 1954. 

Retail Sales Indices 

For over twenty-five years there have appeared monthly in the 
Board of Trade Journal indices relating to the level of retail 
trade. The indices have been subject to several revisions, in 
particular in 1947, 1952 and 1955. In 1952 the base year was 
changed to the current one of 1950.- In 1955 the basis of present- 
ing the statistics was changed from a commodity basis, /.e., 
showing sales of furniture, sales of groceries, etc., to a kind of 
business basis, showing sales by furniture shops, sales by 
grocers, etc.; the base year remained 1950. 

The whole field of retail trade in Great Britain is covered, with 
only a few exceptions such as coal merchants and florists. 
Retailers are divided into four groups: independent retailers, 
multiple retailers (chains of t^n or more branches), cooperative 
societies, and departmental stores. The basis for comparison for 
each of the categories mentioned above is the sales as shown in 
the Census of Distribution of 1950. 

The currently published statistics are based on voluntary re- 
turns covering some 7,500 shops owned by independent retailers 
and about 60 per cent of the sales of all large-scale retailers. It 
would be too large a claim to assert that these form a random 
sample. Attempts are being made to improve the represen- 
tativeness of the returns. Prior to 1955 these statistics were 
shown as indices calculated on a chain basis, but following the 
1955 revision the indices arc compiled using a ratio method. 
The ratio method consists of dividing the total sales of all con- 
tributors to the index in any one category in the current period 
by their total sales in 1950, multiplying the result by the total 
sales of all shops in that category in 1950. Combined index 
numbers are calculated in a similar way. Thus : 

^ See Board of Trade Supplement op. ctt. for comments. 

^ Base changed again this year to 19S7-» 100; but the structure of the indices remains unchanged. 
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Index of the Sales of the sample in January 1959 Sales of 

sales in x all shops 

January 1959 Sales of the sample in 1950 in 1950 

Table 70 below gives an example of how the main body of 
statistics are presented. Similar detail is given for each kind of 
business classification used in the Census of Distribution. In 
addition to the main ‘kind of business’ statistics, the returns of 
departmental stores are analysed into commodity statistics. 
These show the percentage changes in values of weekly sales and 


TABLE 70 


Indices of Values of Sales Pfr Week and Percentage Changes 


Compared With a Year Earlier. 


1950=100 


1957 1957 1958 1957 1958 


3r<) . 4th 1st I 2nd 3rd ■ i 1 ! { 1 

i Year Qti. , Qtr Qtr. • Qtr. : Qti. July Aug. Sept. July i Aug. .Sept. 


(/] 

u. 

o 

Total All Retailers 

163 

162 

173 

164 

166 

164 

164 

161 

160 

167. 

162 

163 


1 

-f 5 

1 5 

* -1-4 

4 4 

4 3 

1- 1 

-b7 

I- 4 

1-5 

4 2 

-f- 1 

4 2 

ra 

1 Independent Re- 

157 

156 

1 166 

155 

158 

158 

‘ 159 

157 

153 

162 

157 

155 

§ 

tailcrs 

f 3 

^4 

' +• 3 

\ 3 

2 

-1 1 

1 -1 5 

-1 2 

1 4 

i 2 

0 

-+■ 1 


. Multiple Retailers ' 

177 

173 

192 

179 

184 

181 

176 

172 I 

172 ■ 

IKS i 

177 

181 


1 ' 

T 7 

8 

i 1 7 

-1 7 

-1-5 

f 5 

4 10 

+ 6 1 

-1 7 

-1 5 1 

-t 3 

+ 5 

2 

1 Cooperative 

169 

165 

i 176 

■ 173 

171 

165 

166 ! 

160 ; 

168 

165 

161 

170 

H 

Societies 

1 6 

H-6 

I ■+■ ^ 

‘ -f 4 

H 1 

0 

'18! 

4 6 ! 

1 5 

~I j 

0 

4- 1 


Source: Board of Trade Journal^ various dates* 


stocks compared with a year earlier. The changes in weekly 
sales are converted into indices by the method of changing back 
to the corresponding month a year earlier.' As with so many 
economic statistics the accuracy of some of these group data is 
dubious. More reliance c;n be placed on the trend, or any 
marked interruption in the trend, than in the absolute move- 
ments themselves. 


Hire Purchase Statistics 

Since 1945 hire purchase has come to play an increasingly im- 
portant part in the national economy. By 1959, credit out- 
standing amounted to nearly £600m. In consequence of this 
rapid expansion and its impact on the economy, it has become 
necessary to find some measure o* the changes in both the 
volume and character of hire purchase debt. The Board of Trade 
Journal is publishing statistics monthly which cover the period 
since October 1955. These relate to the hire purchase trade of 
retailers in kinds of businesses where substantial sales of goods 
on hire purchase terms are made {e.g. furniture, radio and 

1 A good account of these data is given in the B, ofT. Journal for May 5th. 1956. See also B. ofT. 
Journal, February 6th 1959, for revision to current basis. 
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electrical shops) as well as to the hire purchase business of 
finance houses. 

The information is collected on an extensive sample basis 
similar to that used for obtaining the figures of retail sales. In 
this case about 1 ,600 independent retailers make returns. They 
are divided into some 700 furniture and furnishing shops and 900 
radio, electrical and hardware shops. The department store 
sample alone accounts for about a third of the total turnover of 
goods usually bought on hire purchase, while the multiple 
organisation return covers about half the turnover in furniture. 
The Cooperative Union returns details of over half the hire pur- 
chase business done by cooperative societies. Information is also 
collected from the area boards of the nationalised gas and elec- 
tricity undertakings. About 260 finance houses contribute to the 
Board of Trade's information on direct credit retailing. 

Data are collected on a voluntary basis and are subject to 
possible errors of bias, e.g. the sample is not random ; some shops 
with a lot of hire purchase business may not bother to make a 
return. Consequently too much significance must •not be 
attached to any particular figure but generally the trends in the 
volume of business are fairly indicated. 

The information is presented in five tables which show: 

(1) estimated total outstanding hire purchase debt; 

(2) indices of value of goods sold on hire purchase by household 
goods shops; 

(3) percentage of hire purchase to total sales by household goods 
shops ; 

(4) index of new hire purchase extended direct to hirers by 
finance houses; 

(5) average value per agreement of new hire purchase by finance 
houses. 

Explanatory notes are appended to the published tables. 

The two indices measure changes in value of new hire purchase 
business, the first at household goods shops broken down by 
type of shop, and the second by finance houses broken down by 
type of goods. They are now based upon July 1957 = 100. 
Extracts from tables of both indices are given below. For the 
first two main categories of shop in Table 71 there is given not 
only a total index, but separate indices for sectors of each main 
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category of retail outlet, e.g., multiple and independent radio 
and electrical goods shops. The content of Table 72 requires no 
comment. Note incidentally, the seasonal character of much 
H.P. business as reflected in the indices. 

The original base of both indices was December 1955 = 100. 

TABLE 71 

Index of Value of Goods Sold on Hire Purchase by Household 


Goods Shops 

July 1957 = 100 




1957 

1958 



Oct. 

Jan. 

April 

Oct. 

\ 

Total, all classes of shops 

120 

92 

94 

164 

Furnishing and \ 

of which 





Furniture Shops | 

(a) Multiple Retailers 

119 

92 

96 

166 

1 

(A) Independent Retailers 

121 

94 

91 

158 

1 

Total, all classes of shops 
of which : 

129 

112 

91 

151 

Hardware, Radio, 

(Multiple and indepen- 





Electrical Goods, 

dent) : 





Cycle and Plram* 

(a) Radio and electrical 





BULATOR Shops 

shops 

(A) Cycle and peram- 

175 

149 

104 

169 


bulator shops 

98 

104 

71 

89 

Department Stores: Household goods de- 






partment . , . . 

132 

I 103 

98 

j 179 

Total, Household Goods Shops. . . . 

124 

101 

93 

1 159 


Source: Board of Trade Journal, 23rd January 1959, 


TABLE 72 

Index of Value of New Hire Purchase Extended Direcf io 


Hirers by Finance Houses* 

July \957 100 



1957 

1958 

Oct. 

Jan. 

April 

Oct. 

Private cars - new 

79 

82 

99 

58 

Private cars - used 

78 

75 

108 

89 

Motor cycles, side cars etc. - new and used . . 

1 67 

49 

96 

114 

Farm equipment and tractors 

86 

55 

84 

100 

Industrial and building plant and equipment 

121 

106 

118 

142 

Furniture, furnishings and floor coverings . . 

129 

112 

104 

175 

Domestic appliances 

84 

73 

87 

127 

All goods (including those not shown above) 

85 

84 

101 

98 


Source: Board of Trade Journal, 23rd January, 1959. 


♦Selected categories of goods only are shown in this table* 
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The changes introduced when the base was revised to July 1957 
==100 made comparison between the new and old based figures 
difficult, although the changes were ndt large enough to alter the 
character of the statistics entirely. In consequence, general 
trends since 1955 can still be traced with some confidence. 

National Income 

The national income may be defined as the money value of 
the nation’s output of all goods and services in a given period, 
usually a year. This aggregate is also referred to as the national 
output, since these incomes represent the cost of producing the 
output of goods and services. It follows, therefore, that there are 
two ways of measuring the national income; either all the in- 
comes of the factors of production, or the values of each indus- 
try’s output, may be aggregated. Before discussing the various 
problems that arise in measuring these aggregates, it is impor- 
tant to understand their puiposc. ft is clearly desirable to know 
what the nation’s economy is producing in any year, as well as 
comparing one year \^'ilh another 1o ascertain the rate ^f eco- 
nomic progress. All production is intended ultimately to satisfy 
consumer needs. The more that is produced, the more the com- 
munity may consume, /.c., the higher its standard of living. 
Finally, the national income estimates are so prepared and pre- 
sented, that they otTcr a comprehensive picture of the operations 
of the economy and the inter-relationships between various sec- 
tors. To the extent that the statistical data assembled in the 
annual Blue Book on the National Income and Expenditure are 
complete and accurate, overall economic planning is greatly 
facilitated. 

National income estimates were first prepared officially by the 
Treasury in 1941, and used by the Chancellor as a background 
to the Budget statement in that year. In each of the next ten years 
a White Paper on these estimates was published a short while 
before the Budget statement. Since 1952 a Blue Book, which 
appears in autumn, has appeared annually. The pre-Budget 
document is a short White Paper containing preliminary 
estimates of the main aggregates. Before 1941 there had been 
several private estimates of the National Income or Output. 
Various methods were used to arrive at these estimates. Un- 
fortunately the accuracy of the figures was greatly impaired by 
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the shortcomings of the data then available. Despite great im- 
provements, even now the limitations of the data are such that 
in each year the successive Blue Books contain amended 
figures for previous years. The volume of data on which these 
estimates may be based has been considerably expanded in 
recent years, but even eighteen years after the first paper 
appeared, several of the more important aggregates remain 
little more than approximations. 

The published data are based upon material derived from 
three main sources, although these must be supplemented by 
information culled from a wide range of other sources. Even so 
the coverage is in many cases incomplete, while further difficul- 
ties arise from the fact that much of the published data used has 
in fact been compiled for purposes other than national income 
estimates. 

The three main sources of data are the statistics assembled by 
the Inland Revenue, the censuses of production and distribution 
and lastly the accounts of the central govenunent. The signific- 
ance of the last mentioned source may be better appreciated 
when it is remembered that the government is responsible for 
the expenditure of about one-third of the national income. Of 
these data those derived from the Inland Revenue are the most 
complete and accurate; those compiled from the Census of 
Production the least reliable. 

The national income can be visualised in three ways ; 

(i) as a sum of incomes derived from economic activity, i.e., 
from employment and profits; 

(ii) as a sum of expenditure, i.e., consumption and investment; 

(iii) as a sum of the net products of the various industries of the 
nation. 

These three views of the national income tend to explain the 
ways in which the statistics are presented and the estimates com- 
piled. Some of the more frequently employed aggregates are 
given in Table 73 below, which illustrates the income approach 
in practice, i.e., those countries with a well-developed fiscal 
system. The various types of income are given in the upper part 
of the table and they are largely self-explanatory. The residual 
error is the balancing figure between the two separate estimates 
of the gross natiohal product, the one based on incomes and the 
other on expenditure. The sub-a gg regate is described as the total 
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TABLE 73 

Gross National Income Analysed by Factors. Selected Years 1948-1957 


Factor incomes 

All figures £’s millions 

1948 

1951 

1954 

1957 

Income from employment 

Income from self-cmployment 

Gross trading profits of companies 

Gross trading surpluses of public corp- 
orations . . 

Gross profits of other public enterprises 
Rent 

Residual error 

6,766 

1,320 

1,798 

118 

106 

419 

8 

8,459 

1,450 

2,489 

' 258 

120 
511 
84 

10,263 

1,588 

2,603 

348 

111 

725 

137 

12,942 

1,787 

3,265 

333 
131 
862 
— 68 

Total domestic income before providing 
for depreciation and slock appreciation 
Stock appreciation . . 

10,535 
— 325 

13,371 
— 750 

15,775 
— 75 

19.252 
— 100 

Gross domestic product at factor cost . . 
Net income from abroad 

Gross national product 

Capital consumption 

National income 

10,210 
187 
10,397 
— 890 
9,507 

12,621 

217 

12,838 

—1,146 

11,692 


19,152 

226 

19,378 

1,774 

17,604 

Source: National Income ami Expenditure 

1958. Table /. 




domcslic income before depreciation and stock appreciation. 
These items inflate all the above incomes except rent and income 
from employment. An adjui^tment is made to eliminate the 
element of stock appreciation which may be defined as the in- 
crease in money terms in the value of stock distinct from a 
change in its physical quantity. The figures given for this item 
are little better than guesses, ‘hazardous approximations’ is the 
official description. Nevertheless, as will be seen from Tabic 73 
it is an extremely important item, more especially in periods of 
rapidly changing prices, e.g.^ as in 1951. 

The figure described as the gross national product at factor cost 
should be distinguished from the total defined as the net 
national income. The difference between the net and gross figures 
is accounted for by the depreciation of capital equipment in the 
country. Unfortunately the data relating to depreciation or 
"capital consumption’ are extremely unreliable and incomplete. 
Rather than guess at this figure it has been considered l>etter to 
omit it from the published estimates in some years. As an offset 
to this omission the 1956 and later Blue Books contain extended 
tables of investment and its consumption. The 1958 Blue Book 
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gives a detailed account of the sources and methods used to 
arrive at these estimates. These data are derived from a variety 
of sources; e.g., local authority accounts to cover housing out- 
lays; motor vehicle registrations to cover investment in road 
transport, the published accounts of public corporations and 
public companies as well as the statistics of stocks of primary 
commodities. These data are by no means comprehensive and 
the gaps to be filled are many. 

The second method of estimating the gross national income is 
given in Table 74. The correspondence between the value of the 
national product and national income was mentioned earlier. In 
this table the gross products of various industries and sectors of 
the economy are given for four years. Similar adjustments in 
respect of stock appreciation and the residual error are made in 
this table. Most of the data upon which these figures are based 
are derived from the censuses of distribution and production, 
but since these are held only at intervals, the reliability of the 

TABLE 74 


Gross National Product by Industry of Orioin 




s 





1948 

1951 

1954 

1957 

Agriculture, forestry, fishing . . 

644 

716 

761 

850 

Mining and quarrying 

384 

447 

558 

702 

Manufacturing 

3,739 

4,961 

5,915 

7,279 

Building and contracting 

571 

677 

903 

1,121 

Gas, electricity and water 

210 

273 

367 

484 

Transport and communication 

880 

1,152 

1,267 

1,659 

Distributive trades . . 

1,393 

1,751 

1,939 

2,383 

Insurance, banking and finance 

281 

372 

459 

566 

Other services 

1,017 

1,188 

1,283 

1,647 

Total production and trade 

9,119 

11,537 

13,452 

16,691 

Public administration and defence 

670 

822 

983 

1,166 

Public health and educational services . . 

260 

402 

505 

665 

Ownership of dwellings 

296 

367 

532 

616 

Domestic services to households 

110 

95 

95 

97 

Services to private non-profit-making 


1 



bodies 

N 72 

64 

71 ' 

85 

less Stock appreciation 

— 325 

— 750 

— 75 

— 100 

Residual error 

S ; 

84 

137 

— 68 

Gross domestic product at factor cost . . 
Net income from abroad 

10,210 

187 

12,621 

217 

15,700 

228 

19,152 

226 

Gross national product 

10,397 

12,838 

15,928 

19,378 

Source: National Income and Expenditure 1 

958, Table 10. 
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final results cannot be as great as could be wished. By carrying 
out sample surveys in the fields of both industry and distribution 
in the years between the full-scale censuses, the Blue Book 
estimates for these years are much improved. 

Table 75 shows the gross national product by categories 
of expenditure. This particular method remains the least satis- 
factory of the three, particularly in this country where data relat- 
ing to consumer outlays on various commodities and services 
are extremely unreliable and subject to a considerable margin of 
error. The composition of the aggregate in this table requires no 
explanation, except to point out that taxes on expenditure are 
the outlay taxes which inflate the prices of goods which are pur- 
chased by consumers and public authorities, hence the sub-total 
of £21, 609m defined as ‘expenditure at market prices'. To change 
‘market prices’ to ‘factor prices’ outlay taxes must be deducted 
and subsidies added back. In connection with these data, it 
should be noted that the Blue Books contain detailed analyses of 
consumer expenditure over a period of years. To bring out more 
clearly the shifts in consumer outlays between different cate- 
gories of goods and services, the annual money outlays are cor- 
rected for price changes. 

The figure of stock appreciation which appears in these 
tables came into prominence owing to the very sharp rise in 
commodity prices during 1951 as a result of the Korean War. 


TABLE 75 

Gross National Product by Categories of Expenditure 
(£ millions) 



1948 

1951 

1954 

1957 

Consumers’ expenditure 

Public authorities' current expenditure . . 
Gross lixed domestic capital formation . . 
Value of physical increase in stocks and 
work in progress . . 

8,475 

1,762 

1,455 

175 

10,085 

2,443 

1,921 

575 

11,984 

3,139 

2,583 

50 

14,174 

3,583 

3,402 

450 

Total domestic expenditure at market 
prices 

Exports and incomes from abroad 
less Imports and incomes paid abroad . . 
less Taxes on expenditure 

Subsidies . . 

11,867 

2,392 

—2,412 

—2,023 

573 

15,024 

4,008 

—4,388 

—2,274 

468 

17,756 
4,207 
— 3,972 
—2,486 1 
423 

21,609 

5,244 

—4,932 

—2,956 

413 

Gross national product at factor cost . . 

10,397 

12,838 

15,928 

19,378 


Source: National Income and Expenditure 1958. Table 1. 
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Note that in Table 75 there is no such figure; only the real 
not money change in stocks is included. The profits arising from 
the revised valuation of stocks held by companies and trading 
concerns inflate the annual trading profits for the relevant years, 
and tax was assessed on these profits. It is a moot point whether 
such ‘income’ should be included, but in view of other arbitrary 
decisions that have to be made in computing the national 
income, its inclusion in most years makes no significant dif- 
ference. An important omission, however, is the value of house- 
wives’ services in the home which are unpaid. If they were valued 
in money terms, the national income in money terms would rise 
by at least 20 per cent. Colin Clark has attempted a more de- 
tailed estimate of the value of housewives’ services. A full 
account of this estimate is publi.shed in the Bulletin of the 
Oxford Institute of Statistics.' Alternatively, if the housewives 
went out to work and paid some of the present factory or office 
workers to do their housework, although the real national in- 
come would not have changed, it would have increased con- 
siderably in money terms. Much the same conceptual problem 
arises with work for which no payment is received. Thus, a man 
working an allotment and consuming the produce at home adds 
nothing to the ‘national income’. If, however, he and his neigh- 
bour sold each other their respective produce, the value of the 
produce added should, in theory, be added into the national 
income. Other problems arise in connection with the services of 
government, e.g.^ should the salaries of Civil Servants be in- 
cluded since they add nothing tangible to the national product? 
The same argument can perhaps be applied with more justice to 
the payments to members of the armed forces in peace-time. 

These conceptual differences as to what should be included in 
the ‘national income’make international comparisons extremely 
difficult, e.g.j valuation of home-produced food in an agrarian 
economy. There have been several conferences under the aus- 
pices of U.N.O., with the purpose- of standardising practice. 
Apart from these problems the differences in the reliability of 
various statistical data in different countries pose a problem 
which will probably not be solved for many years yet. Any pub- 
lished international comparisons should be scrutinised with 
these considerations in mind. 


1 Vol. 20. No. 2. May 19S8. 
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The advantages of computing the national income totals by 
various methods are obvious. The numerous cross-checks which 
are thereby made possible, especially in the various sub-totals, 
are invaluable. The modern method of constructing the National 
Income accounts, known as ‘Social Accounting’, is simply the 
adaptation of double-entry book-keeping principles.^ Its value 
lies in the fact that every sub-total appears twice in the accounts 
and if it does not ‘fit’ in with the expected, value as indicated by 
the size of the other totals in that particular section of the ac- 
counts, there is presumably some error. The difficulty is that a 
system of statistics of national income and expenditure must be 
comprehensive to be of use and an estimate must be included for 
each item that appears in a balancing account. It is not possible 
to base all the estimates on accurately recorded facts nor is it 
possible to calculate statistical ‘margins of error’ of the kind 
derived from random samples. What is done, however, is to 
form very rough judgements of the range of reasonable doubt 
attaching to the estimates. Some standardisation is obtained by 
grading each of the major components as having a margin of 
error of: A ± less than 3 per cent, 

B it: 3 per cent to 10 per cent, 
or C ih more than 10 per cent. 

As far as the various methods of deriving the various aggre- 
gates are concerned, the correspondence of the three aggregates 
of the national income, product and outlay, while not necessarily 
proving the accuracy of any one of them, would suggest that 
the errors arc not such as to invalidate the overall results. It is 
certain, however, that the major aggregates are much more 
reliable than the numerous sub-totals in the analyses. There 
still exist several important gaps in the requisite information for 
any one of the three approaches. For example, wages in the 
income approach, distribution in the output data and items such 
as motoring and holidays in the analysis of current personal 
expenditure, must be interpreted with caution. The outstanding 
weaknesses in the over-all aggregates remain the deficiencies in 
the data from which estimates of the level of savings and net 
investment in this country can be made. The Central Statistical 
Office has completed two major enquiries into the current levels 
of savings and investment which have been read before the two 

^ For an account of the construction of such accounts see ^National Income and Social Accounting* 
by Edey and Peacock. Hutchinson. 
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statistical societies.^ Although these researches are much more 
thorough and detailed than an 3 rthing done hitherto, there are 
still gaps which cannot be filled. Until more detailed information 
regarding not merely the volume of savings and investment, but 
in particular their distribution within the economy is known, 
economic planning must remain a highly speculative exercise. 
Nevertheless, despite all the criticisms of the data as published, 
it is no exaggeration to state that the Blue Book on the National 
Income and Expenditure is the most important economic docu- 
ment of the year. The Economic Survey is based on that in- 
formation and estimates. Without them fiscal and budgetary 
policy would be mere guess work. As the volume of statistical 
data assembled by the government increases, as it undoubtedly 
will, so the accuracy of these estimates will be improved. 

The Central Statistical Office published in 1956 a very full 
account of the sources and construction of the statistics of 
National Income entitled ‘National Income Statistics: Sources 
and Methods’, The first three chapters are probably the most 
useful for students as the remainder of the book goes into great 
detail. It is, however, an excellent source of reference. The notes 
which accompany the Blue Book on National Income consist: 

(1) of definitions of items in the summary tables in the Blue 
Book; 

(2) of revisions made in the previous years’ estimates; and 

(3) changes in treatment and definition made since the publica- 
tion of the Central Statistical Office study mentioned above. 
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diture. 

‘Use and Development of National Income and Expenditure Estimates’ 
by R. Stone in Lessons of the British War Economy^ Ed. D. N. Chester. 
British Economic Statistics by C. F. Carter & A. D. Roy, Chapter IX. 
‘National Income Statistics: Are they accurate or useful ?’ C. T. Saunders 
in The Incorporated Statistician, March 1954. 

‘National Income and Related Statistics.’ J. E. G. Utting. J. R. S. S, 
1955, Pt. IV. 

Overseas Trade 

Statistics of overseas trade are among the oldest to be pre- 
pared in the U.K. They date from the establishment in 1696 of 

^ *The Pattern of Savings and Investment' by C T. Saunders. Transactions of the Manchester 
Statistical Society 1954. and 'Net Investment in Fixed Assets in the U.K. 1938-1953’ by Philip 
Redfem, J.R.S.S. V 0 I.H 8 Pt.2. 1955. 
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the office of ‘The Inspector-General of the Imports and Exports’. 
Their origin was to be found in the need to collect revenue and even 
today, despite the considerable changes and improvements, the 
classification still bears traces of this purpose. The statistics as 
compiled at the present time effectively start in 1871 when the 
statistics were based upon importer’s and exporter's declara- 
tions of value (as well as of quantity) collected by Customs 
Officers at the ports and transmitted to the Customs Statistical 
Office for compilation. It is of some interest to note that since 
1871 these data have been affected by two major changes only; 
the inclusion of exports of ships and boats as from 1899 which 
then represented about 3i per cent of the total value of exports 
and again in 1923 when the Irish Free State was created and 
trade with that country then became part of the U.K. external 
trade. The only other changes concerned classification, in par- 
ticular, of countries due to changes in their frontiers. 

The statistics of U.K. overseas trade are based upon the offi- 
cial certificates or declarations which must be made by both im- 
porters and exporters. These certificates give details of thejiature 
of the merchandise together with figures of quantity and value. 
Imports are valued c.i.f. and exports and re-exports arc valued 
f.o.b. The first abbreviation means ‘carriage, insurance and 
freight’ ; the practice of including these items with the cost of the 
commodity imported follows logically from the definition of the 
value of imports required by the Customs; i.c. the ‘open- 
market’ value or price inclusive of all costs of importation, 
which the merchandise would fetch if sold on the open market 
at time of entry into this country. The valuation placed upon 
exported merchandise represents the cost of the goods packed 
and delivered to the ship, i.e. f.o.b. The c.i.f. basis of valuing 
imports is something of an anachronism; it started as a result of 
the 1932 Import Duties Act which created a general ad valorem 
tariff i.c. a tax on imports based upon the value thereof and 
clearly some standard method of valuation was needed. Actually 
this method did not differ greatly from the mode of valuation 
employed up till 1932, which was the cost to the importer in- 
cluding freight, insurance etc. Nowadays about 85 per cent of 
the imports are duty free and the need for precise valuation in 
accordance with the formula is weakened. In practice, it is the 
cost price, i.e, the price actually paid for the goods to the port 
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of entry, which the importer records on his certificate. This 
may differ substantially from the ‘open-value’ price if for ex- 
ample, as occurred in 1 949, a devaluation takes place and goods 
are imported at their cost before the devaluation occurred. 
For the dutiable goods, the authorities are satisfied that the 
‘total values reflect fairly accurately the actual c.i.f. cost of 
imports’.^ 

The statistics are first published in the monthly Trade and 
Navigation Accounts which appear about the twentieth day fol- 
lowing the end of the month covered by the Accounts. The 
monthly Accounts cover imports, exports and re-exports; the 
latter comprising that merchandise which is exported in virtually 
the same form as it was imported. The classification is extremely 
detailed, with about ROO headings for imports and some 1,200 
for exports. Details of the country of origin or destination for 
imports and exports respectively are given for the main headings. 
In addition to the monthly figures, the Accounts contain cumu- 
lative figures for the expired part of the year, e.g, the June ac- 
counts give the first hall^-ycar\s aggregate, and these data for the 
current year are repeated for the preceding year for com- 
parative purposes. The tables arc preceded by a short introduc- 
tory Note; any changes in classification arc always announced 
in these Notes. These monthly tables are extremely detailed and 
not suitable for till requirements. Since March 1950 the Board of 
Trade has produced a condensed monthly Report on Overseas 
Trade based upon the monthly Accounts which re-classifies and 
condenses the original data into more useful form for general 
purposes, e,g. commodity analysis by difl'erent trading areas. 
These are supplemented at quarterly intervals by statements and 
tables on the nation's trade, f,e, value and volume in the main 
categories of merchandise, which appear in the Board of Trade 
Journal. These are accompanied by the indices of prices and 
volume for both imports and exports discussed below. 

The companion volumes of the monthly Accounts are the four 
massive volumes which comprise the Annual Statement of Trade 
which appears usually more than a year after the end of the rele- 
vant year. The amount of information included in these volumes 
is such that ‘the difficulty in use may be because of an excess of 

^ International Trade Statistics bv R.G.D. Alien and J. £. Eley. Section on U.K. statistics prepared 
|>y J. Stafford, J. M. Maton and M. Vennlnp p.302. 
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detail rather than a lack of it’.^ Each volume contains compar- 
able data for the preceding four years. The first volume provides 
an analysis of the value and volume of goods traded for each 
commodity or product. The second volume is concerned only 
with imports and re-exports, classifying them by country of ori- 
gin and for each commodity giving value and quantity imported. 
Volume 3 is identical with the second, except that it analyses 
exports by country of destination. The last of the four volumes 
summarises the details of goods traded and gives a detailed 
country analysis of U.K. trade; e.g. imports and exports by 
value and volume for Sweden, Switzerland, etc. 

The classification of both imports and exports is regularly 
brought up to date,the list of headings being revised annually ; ‘a 
balance being kept as far as possible between the need for con- 
tinuity and for an up-to-date system, and between the need for 
detail and what it is practical to require from traders.’® On the 
import side, foodstuffs and raw materials form the main bulk of 
the trade, but on the export side, a list of 2,500 headings of which 
over 2,000 relate to manufactured goods, offers scope fior in- 
accurate classification by the trader. 

The main commodity headings under which U.K. imports 
and exports are classified were revised as from 1954 to cor- 


TABLli 76 

Value oi U.K. Imporis ano Exporis 1957 anh 1st Quarter 1958 


Class and Division 

Exports 

Imports 

1957 

J958 

1 St Qtr. 

1957 

1958 

1st Qtr. 


A. Food, beverages and tobacco 

B. Basic materials . . 

C. Mineral fuels and lubricants 

D. Manufactured goods 

F. Postal packages . . 

Live animals not normally 
used for food . . 

1 

£00() 

206,196 

122,986 

152,704 

2,754,375 

82,716 

6,003 

£000 

44,354 

28,292 

38,213 

690,703 

18,073 

1,380 

£000 

1,496,441 

1,169,361 

466,302 

928,315 

7.838 

7,331 

£000 

353,235 

241,403 

104,469 

230,767 

2.543 

1,260 

Total U.K. exports and im- 
ports 

3,324,981 

821,015 

1 

4,075,588 

933,677 


Source: Report on Overseas Trade ^ Vol. IX, No. 7. 

^ J. StafTord and other op. eit. p.306. 

> J. Stafford and others op. clt. p.298. 
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respond with the Standard International Trade Classification the 
basis of which is shown in Table 76. 

In the case of both imports and exports the bulk of the trade 
is clearly concentrated into the first four classes. For exports the 
fourth class is by far and away the largest, for imports the 
first and second predominate. The classes are further sub- 
divided: Class A into 10 divisions, B into 12 and C and E 2 each, 
while D contains 23 divisions. Thus division D 16 is ‘electric 
machinery, apparatus and appliances. The description ‘Postal 
packages’ applied to the penultimate category in Table 76 is mis- 
leading. All the contents of parcels liable to duty arc actually 
classified under the appropriate commodity heading and the 
figure entered as Parcel Post is simply an estimate based upon 
the product of the number of parcels containing non-dutiable 
goods and an average parcel value. The information upon which 
this estimate is based is derived from the Customs declaration 
which accompanies every parcel imported or sent overseas. 

In passing, it should be noted that details of volume and quan- 
tity are available for about 98 per cent of all imports (by value) 
and 90 per cent of exports. This is important since such data 
enable index numbers to be calculated which permit the money 
aggregates over a period of years to be adjusted for changes in 
both price and quantity. The difficulties arising from changes in 
quality and type of product cannot be completely overcome by 
an index, hence it is sometimes difficult to be sure that one is 
comparing like with like. For example, the value of machinery 
which is adjusted by reference to its weight, will be affected by the 
growing use in recent years of lighter alloys for its construction. 

So brief an account of the statistics of overseas trade can do 
little more than warn the reader who anticipates consulting any 
of the references given that the utmost care in extraction of 
figures is necessary. Comparability over a period of years is often 
more apparent than real and the notes to the various Tables and 
Accounts must be examined for changes, especially in classifica- 
tion. The difficulties of the student are intensified by the impor- 
tance of the Balance of Payments problem; it is tempting to 
regard the statistics of overseas trade as a means of interpreting 
the balance of payments. This is far from being the case; the 
government issues a half-yearly White Paper on the balance of 
payments which is very different from the publications discussed 
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above. In fact, not even the expert can reconcile the documents 
since they are compiled on different bases. A major difficulty, to 
which reference is sometimes made in the press discussions of 
monthly trade accounts, is the problem of adjusting the cost of 
imports from the c.i.f. valuation to that for the goods them- 
selves, i.e, ex insurance and transport costs. These costs are esti- 
mated to represent between 10 and 13 per cent of the total c.i.f. 
value, but the percentage varies as between the various com- 
modities and as between different countries. At best the correc- 
tion can only be approximate. 


Import and Export Price Indices 

Since 1946 there has appeared monthly in the Board of Trade 
Journal a scries of monthly indices which are used to measure 
the shgrt-period changes in the U.K.’s terms of trade. The ‘terms 
of trade’ is simply the ratio of import to export prices; if the 
former are rising more rapidly than the latter, then the terms of 
trade are said to be moving against the U.K. In other words, the 
U.K. is receiving a smaller quantity of imports for a given 
volume of exports. In view of the nation’s post-war balance of 
payments problem this particular index is quoted regularly in 
discussions of the overseas trade statistics. 

The price indices are designed to measure the monthly changes 
in the aggregate value of a fixed but representative selection 
of imports or exports. The index for export prices is based 
upon data relating to some 280 items, and that for import prices 
on about 220. In terms of the value of goods traded they cover 
about three-quarters, the proportion of total goods traded repre- 
sented by the selected items being rather greater for the import 
index than for the export index. The indices are based not 
upon the actual prices of the goods included, but upon ‘unit- 
values’. These are specially computed ‘prices' of groups of homo- 
geneous commodities which are classified under separate head- 
ings in the monthly Trade Accounts. The classification in the 
monthly Accounts must be broken down into greater detail for 
purposes of this index. In computing the unit values it is neces- 
sary to ensure that the prices of the constituent items do in fact 
move together. If any particular price in any month is erratic to 
such an extent that in that month the balance of the index would 



TABLE 77* 

Import and Export Price Index Numbers 
(1954 = 100) 
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t Import price index as a percentage of the export price index. A rise mdicates an adverse movement. 
t These are defined as in the Trade Accounts classification. 
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be upset, the distorted value may be replaced by a ‘smoothed' 
figure. 

The selection of the unit values under each heading is so 
devised that a collection of commodities for both indices is 
derived which is representative of the current pattern of trade. 
The weights employed aie ‘fixed’ base-year weights, determined 
by the pattern of trade in 1 954. Thus the weighting employed for 
the indices in 1955 and later is given by the pattern of goods 
traded in 1954. The index itself is derivM by calculating the 
geometric mean of the products of the unit values and their 
respective weights. In other words, the resultant indices measure 
the change from period to period in the value of a fixed selection 
of commodities, regardless of the fact that the composition of 
the goods traded in any period differs from that in others. This 
weighting system is adequate only for as long as the pattern of 
commodity trade remains constant from year to year. If in any 
particular year there arc marked changes, the use of the weights 
based upon the 1954 pattern will distort the indices in the cur- 
rent period. ^ 

Although the price indices are published monthly, separate 
indices ~ based of course on the monthly data - are published 
for successive quarters and for each year. A selection is given in 
Table 77 for both imports and exports. The annual indices - 
those for some years back are also reproduced in Table 77 - 
are used for measuring long period changes in the terms of trade 
of the United Kingdom. They have replaced the now discon- 
tinued average value indices (discussed below) which until 1955 
were calculated for this purpose. Note that although the current 
indices are based upon 1954; when the base was changed, com- 
parative indices were calculated back to 1950 to permit com- 
parisons over a longer period. While it is probable that the 
price indices may before long be revised on to a more recent base 
year, c.g., 1958 or 1959, it seems unlikely that the construction 
of the index will change. 

Import and Export Volume Indices 

Index numbers which measure the changes in the volume of 
both imports and exports are also prepared by the Board of 
Trade. They are published quarterly with the overseas trade 
returns in the Board of Trade Journal. The indices are designed 
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to show the variations in imports and exports after eliminating 
price variations, /.£?., volume changes only. This is done by re- 
calculating the value of the imports (or exports) for any quarter 
at the average prices of the year 1954. By expressing the cor- 
rected value of imports (or exports) as a percentage of the 1954 
value an index of volume change is derived. 

The quarterly figures used in calculating the index are derived 
from the Trade and Navigation Accounts. As with the import 
and export price indices, adjustment of the contents of various 
headings is necessary. For those items for which only value and 
not volume is given in the Accounts, estimates of the probable 
changes are made by assuming that they move in the same man- 
ner as do related items for which both value and volume figures 
are available. This procedure is adopted to a rather greater ex- 
tent for the export index since a larger proportion of total ex- 
ports are given in value terms only. Both volume anct value 
figures are available for all but 3 per cent of imports (by declared 
value). 

These indices have been published for many years, but since 
in the view of the Board of Trade a change in both the base year 
and structure of the index should be made at least every five 
years (owing to the changes in the pattern of overseas trade) the 
index is not comparable as between dilTerent base years, except 
where the change of base has been accompanied by a revision of 
indices for the earlier years. 

The latest base year is 1954 to which the index was revised 
from 1950 in December 1955.^ At the same time the weights 
were revised on the basis of the average prices ruling in 1954 
instead of 1950. As a result of these changes the present indices 
are rather different from the earlier series and direct comparisons 
would only be possible after the calculation of both series of 
indices on a common base. In the current index the weights are 
based on the relative values of the individual categories of goods 
comprising the total value of trade in the year 1954. 

The volume indices shown in Table 78 are also given for the 
same sub-headings as the import and export price indices, i.e.,. 
raw materials, manufactures, etc., which were discussed earlier. 
Like the monthly price indices discussed earlier, the volume 
indices are separately calculated for each quarter and for each 


^ B.O.T. Journal, 10th December 1955, and 19th May, 1956. 
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TABLE 78 

Value and Volume of United Kingdom Imports 


Class and Division 

Value as 
declared 

ell- 

'MH 

[ 

Ind( 

ix numbers of Volume 1954=100 

Year 

1958 

Year 

1958 

Year 

1950 

Year 

1952 

Year 

1955 

Year 

1956 

Year 

1957 

Year 

1958 

TOTAL CLASS A 

Food, Beverages 
and Tobacco . . 

£m 

1,506 

£m 

1,580 

92 

91 

107 

109 

113 

119 

TOTAL CLASS B 

Basic Materials 

908 

964 

97 

90 

105 

102 

106 

94 

TOTAL CLASS C 

Fuels . . 

441 

407 

1 

65 

83 

121 

115 

114 

124 

TOTAL CLASS D 
Manufactured 
Goods 


894 

83 

100 

8 

125 

130 

H 

TOTAL ALL CLASSES 

(including Class E 
miscellaneous) 



89 

92 

1 


■ 

H 


Source: Board of Trade Journal^ 1 3th February, 1959. 


year. They are published witlythe trade figures for each quarter 
in the Board of Trade Journal. One form of their publication is 
illustrated in Table 78. As before, the indices reproduced are the 
annual figures for selected years. 

Reference was made earlier to the average value indices which 
were published until 1 955 with each quarter’s trade return in the 
Journal. The average value index was a form of price index, since 
it was derived by dividing the declared value of a given quarter’s 
imports by their value at 1950 prices which were always given in 
the published table. Thus in Table 78 the first two columns of 
figures relate to the year 1958 showing (1) the declared value of 
imports in that year and their (2) re-calculated value had their 
prices remained at the 1954 level. Thus, if the latter, i.e., base 
year figure is divided into the current declared value, the result is 
an index of the average change in the prices of all goods im- 
ported. Up to 1955 this index was printed quarterly in the tables 
of the trade figures. It was then discontinued because the com- 
position of imports changed from quarter to quarter and there- 
fore the index reflected not merdy price changes, but also any 
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changes in the make-up of that period’s imports or exports. For 
comparative purposes the authorities prefer to use the annual 
price indices derived from the monthly indices which, it will be 
recalled, are based upon a collection of goods and weights. 
In other words, the monthly (quarterly and annual) price indices 
are base year weighted Laspeyre type indices. The average value 
index was in effect a current period weighted index of the 
Paasche type. It was, in fact, the only index of the Paasche 
variety prepared officially. This was possible because the figures 
for trade are available very soon after the actual entry or export 
of the goods. But for the reasons given above, the average value 
index has been omitted in the published tables, which now 
appear as in Table 78, but it is still calculated by the statisticians 
at the Board of Trade for internal use. 

The foregoing comments can be illustrated by reference to the 
data given in Table 78. The average value index for imports in 
1958 is given by dividing the 1958 total at its declared value by 
its estimated 1954 value; i.e., £3,780m. by £3,862m. to give an 
index of 98. Table 77 gives an index of import prices for 1958 as 
99; this is the ‘monthly’ index using 1954 weights, but the dif- 
ference between the two indices is not large, nor will it be large 
as long as the pattern of trade, i.e., its composition from year to 
year, does not alter. The volume index for all imports in 1958 is 
1 14 which is derived by converting the declared 1958 imports of 
£3,780 million by the price index to give their 1954 value which 
is £3,862 million (the reverse of what was done to get the price 
index) and then dividing the estimated 1954 value by the imports 
of 1954 which were actually valued at £3,379 million.^ The 
volume index for 1958 imports is 114 as shown in Table 78. 
Note that the 1954 total of imports is of course the same whether 
it is ‘declared’ or ‘1954 prices’. In the published tables, similar 
data are reproduced for exports, as well as imports. 

Sterling Area Trade Indices 

In 1954 the Board of Trade commenced publication of new 
indices of prices and volume relating to the trade of the sterling 
area with the outside world. The object of these indices was to 
provide some measure of the effects of a change in the terms of 
trade between the sterling area and the outside world, the more 

> This figure is not reproduced in the above tables, but is given in a table published with other 
trade figures in the Journal. 
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SO because the sterling area comprises both manufacturing 
countries and primary producers. It is common knowledge that 
a decline in the prices of primary products is accompanied by a 
decline in the export of manufactured goods to primary pro- 
ducers, while a corresponding increase in the prices of primary 
products usually generates increased demand for manufactured 
goods. On the other hand, for the manufacturing country the 
latter situation may give rise to difficultit^s in respect of an ad- 
verse movement in its terms of trade. The'two indices described 
below are an attempt to answer the question how these opposing 
influences affect the trade of the sterling area as a whole with the 
rest of the world. In addition indices are calculated showing the 
effect of these various influences on the trade of the U.K. and 
the rest of the sterling area respectively with the rest of the 
world. The division of these indices is clearly brought out in 
Tablesi 79 and 80. 

Two indices are produced : indices of import and export prices 
to give the terms of trade between the sterling area and the out- 
side world, and volume indices of imports and exports. Ljjce the 


TABLE 79 

STERLiNCi Area Trade with Non-Sterling Area 
Indices of Prices and Terms of Trade. J953 =* JOO 


Periotl 

United Kingdom 


Total Sterling Area 



Terms of 
Trade 

Import 

Prices 

Export 

Prices 

Terms of 
Trade 

Import 

Prices 

Export 

Prices 

T erms of 
Trade 

1950 

88 

84 

105 

90 

102 

88 

89 

93 

96 

1951 

116 

lOi 1 

115 

110 

156 

71 

113 

129 

88 

1952 

116 

103 

113 

109 

108 

101 

113 

106 

107 

1954 

98 

99 

99 

96 

101 

96 

97 

100 

97 

1956 

104 

105 

99 

99 

95 

104 


100 

102 

1957 

106 

108 

98 

103 

99 

104 

105 

104 

101 

1958 

Jan. — Mar. 

99 

109 

92 

101 

91 

112 

100 

99 

101 

Apr. - June 

97 

107 

91 

100 

88 

114 

99 

97 

101 


Source: Board of Trade Journal, 29th January, 1959, 


1954 price and volume index of the U.K. described above, 
the indices appear quarterly. The compilation of these particular 
indices was handicapped by the limitations in the currently 
published statistics of sterling area countries other ihan the 
U.K., referred to below as the rest of the sterling area. When 
the indices first appeared {B.O.T. Journal, 23rd January 1954), 
they were based upon the records of the trading partners of the 
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Sterling area countries rather than on the trade statistics of the 
sterling countries themselves. In the following year, however 
{B.O.T, Journal, 15th January 1955), the indices were revised so 
that the price indices for the rest of the sterling area, i.e. apart 
from the U.K., for which the data were already available, were 
calculated from the trade statistics of the sterling area countries 
themselves. The base year, too, was changed from 1950 to 1953. 
In the case, of exports the coverage of the index is just under two- 
thirds of the sterling area’s exports in 1953. In the case of the im- 
port price index about two-thirds of the data for the rest of the 
sterling area are still obtained from price indicators of the ex- 
ports of these countries’ trading partners. This introduces some 
distortion on account of the difference of timing compared with 
the import data used for the volume indices for the rest of the 
sterling area, i.e. the goods covered by the price and volume in- 
dices respectively for any quarter tend to overlap ratherr than 
coincide. 

The volume indices are derived from the price indices by 
dividing value relatives of the current trade of the sterling area 
with non-sterling countries by the corresponding price indices. 
Since the weighting is based on the quantity pattern of the sterling 
area trade with non-sterling countries in 1953, it follows that the 
1954 volume index numbers are currently weighted. Next year, 
therefore, the weighting of these indices will be determined by 
the pattern of trade this year. Table 80 below shows the form of 
publication employed for these indices. 

TABLE 80 

Sterling Area Trade with Non-Sierling Area 
Indices of Volume of Trade 

1953 = 100 
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The Balance of Payments 

The Balance of Payments White Paper contains a summary 
financial record of the overseas trading activities during the past 
year. Until 1939 it was based upon the data provided by the 
Customs Statistical Office i.e. the Trade Accounts described 
above. With the introduction in 1939 of Exchange Control, a 
new basis for these statistics became available. An importer re- 
quiring foreign exchange to pay for goo^s had to make a de- 
tailed application to the authorities for the currency. Similarly, 
the exporter had to account for the proceeds in foreign currency 
of any exports. The authorities found themselves in possession 
of far more detailed and accurate data about the nation’s over- 
seas financial transactions than ever before. Since actual pay- 
ment for goods usually takes place after receipt or despatch of 
the goods concerned, the Balance of Payments account before 
1939 v/as in the nature of a revenue and expenditure account 
with debits accrued and credits outstanding. When the Exchange 
Control data became available the account became in effect a 
cash account, reflecting the timing of the payments rathor than 
the actual movement of the goods giving rise to payments and 
receipts. When in October 1950 the new series of half-yearly 
White Papers on the Balancp of Payments was introduced the 
basis was changed. The current accounts record transactions in 
goods when a change of ownership takes place. In the case of 
certain imports such a change of ownership takes place in the 
country of origin, with exports the change is assumed to be 
effected on or after the arrival of the goods in the port of destina- 
tion. The balance of payments accounts will differ from the 
Trade accounts not only in respect of valuation of imports, 
which for the latter are c.i.f. and for the former f.o.b., but also in 
respect of timing. There are also differences in the goods covered 
by the two sets of accounts, e.g, precious stones and gold are 
excluded in the Trade Accounts but included in the White 
Paper. The latter document contains a table showing the adjust- 
ment between the two sets of accounts, but it is clearly of little 
help in trying to determine the trend of payments when only the 
monthly figures of visible trade are available. 

The Balance of Payments White Paper presents a summary 
set of accounts showing the nation’s economic and financi^ 
transactions with the rest of the world. There are in effect four 
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TABLE 81 


General Balance of Payments of U.K. 

£ million 






1957 

1958 

A. CURRENT ACCOUNT 

1955 

1956 

1957 

January 
- June 

July- 

Decem- 

ber 

January 
- June 
(pro- 
visional) 

DEBITS 

1 . Imports (f.o.b.) 

2. Shipping 

3. Interest, profits and dividends 

4. Travel 

5. M igrants funds, legacies and private 

(net) gifts 

6. Government . . 

Total . . 

3,432 

341 

269 

125 

18 

241 

4,426 

3,462 

412 

259 

129 

IS 

258 

4,538 


1,807 

234 

124 

55 

17 

131 

2,368 

1,766 

210 

127 

91 

16 

117 

2,327 

1,616 

177 

127 

57 

9 

135 

2,121 

CREDITS 

7. Exports and re-exports (f.o.b.) 

8. Shipping 

9. Interest, profits and dividends 

10. Travel 

11. Government (<7) Defence aid (net) 

(b) Other. . 

12. Other (Net) . , 

3,076 

464 

346 

111 

46 

59 

251 

3,411 

517 

373 

121 

26 

65 

283 

3,517 

554 

361 

129 

21 

84 

301 

1,782 

286 

174 

56 

18 

58 

112 

1 

1,753 

259 

167 

61 

3 

32 

180 

Total 

4,353 

4,796 

4,967 

2,486 

2,481 

* 2,455 

Current Balance of which 

-- 73 

4-258 

-1 272 

4 118 

4-154 

4-334 

visible trade 

invisibles: Government. . 

Other 

—356 
— 136 

4 419 

— 51 
—167 
h476 

— 56 

— 143 

4" 471 

— 25 

— 55 
i 198 


4- 137 
—100 
4-297 

B. INVESTMENT AND 
FINANCING ACCOUNT^ 
Long-Term Capi'ial (Net) 

13. Inter-Government loans by U.K. 

(net) 

14. Inter-Government loans to U.K. 

(net) 

15. (a) Other long-term capital (net). . 

1 


+ 13 

— 59 
—280 

— 18 
— 160 

4- 13 

4- 77 
—120 

4- 9 

— 23 
—100 

Total . 

— iS3 


—208 

—178 

-- 30 

—114 

Balance of current and long-term 
capital transactions . . 

—256 

4- 17 

4- 64 

— 60 

m 

4-220 

15. (b) Balancing Item 

OrHER Financing Items: 

15. (c) Miscellaneous capital (net) 

16. Overseas sterling holdings of: 

countries 

non-territorial organisations^ . . 

17. U.K. debit balance in E.P.U. . . 

18. U.K. Official holdings of non- 

dollar currencies 

19. Special * waiver* accounts 

20. Gold and Dollar Reserves 

Balance of Investment 

AND Financing 

4-100 

4 60 

—127 
— 7 

4- I 

4^9 

4- 47 

— 70 

—155 

4-200 

4- 4 

— 37 

— 5 

; 4-125 

4 10 

—151 

— 24 

4- 11 

— 22 

4- 37 
— 50 

4- 77 

— 20 

4- 73 

— 9 

— 10 

T 37 
— 88 


4- 43 

4- 30 

"I- 1 

— 14 

— 17 

4- 24 

—287 

4 73 

—258 

—272 

— 118 

—154 

—334 


1 Assets: Increase — ^/decrease +. Liabilities: Increase + /decrease — . 

■ Of which change in I.M.F. holdings in respect of U.K. Drawings: 1956 + 201. 

Source: United Kingdom Balance of Payments 1955 to 1958^ Cmnd. 540 {H.M.S.O. October 1958). 


main accounts, broken down into various detail. The two most 
important are the account relating to current trade, which is 
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coupled with the capital account which shows how any surplus 
or deficit on current trade during the half-year covert by the 
White Paper is actually financed. The two accounts are termed 
the Current Account and the Investment and Financing Account 
respectively; before 1950 the latter was known by the less com- 
plex title of Capital Account! In the White Paper these accounts 
are set one under the other as depicted in Table 81 on page 
397 in a series of eight tables. The first table (see Table 81) 
gives the general current balance of payments while the next 
seven give the current balance of payments with particular areas 
of the world, e.g.. Sterling Area, Western Hemisphere, O.E.E.C. 
countries, etc. It will be seen that these sub-divisions of the 
world are not mutually exclusive. The two remaining main tables 
in the White Paper show Gold and Dollar Reserves and Over- 
seas Sterling Holdings. 

Ap^rt from the ten main tables in the White Paper there are a 
number of additional notes and tables giving statistical detail. 
These supplementary tables include figures showing the settle- 
ments with the European Payments Union, special receipts and 
loans from North America, details of government expenditure, 
films and business travel, etc. 

The analysis and breakdown of the accounts is quite detailed 
but in most tables a fairly' large item described cither as a 
‘balancing item’ or ‘other’ appears which detracts from their 
usefulness. In general the accounts are rather too complex for 
the layman and short of detail for the expert. A more detailed 
description of the sources and methods used in compiling the 
balance of payments was given in the November 1957 issue of 
Economic Trends which the specialist student should consult. 

Board of Trade Wholesale Price Index 

Between 1951-5 the Board of Trade was producing two indices 
of wholesale prices. The first, which was the revised version of 
its original 1921 index, was finally discontinued in 1955. Table 82 
shows the annual averages for the constituent groups of that 
index for the last seven years of its life. The index incorporated 
some 258 quotations classified into 200 commodities, i.e. some 
commodities being quoted several times to obtain an average. 
Fully finished articles were not included but were indirectly 
represented by weighting those semi-finished articles and raw 
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materials which entered primarily into manufactured articles. 
The weighting in the index was effected by including in each of 
the groups of commodities several quotations for particularly 
significant commodities. The object was that each conunodity 
should be weighted in proportion to its significance in the over- 
all net value of all manufactured goods produced in the United 
Kindgom as given by the 1930 Census of Production. Each 
month’s average of prices was compared not with that of the 
preceding month, but with the average of the same month in 
the preceding year. This ensured that the changes in prices 
shown by the relatives each month were between the same goods, 
since many products, for example fruit, are seasonal. The index 
for the year was the geometric mean of the twelve monthly 
indices. In other words, the index was of the chain base variety 
and this fact enabled considerable variations in the constituent 
items to be made, whilst ensuring that in the short period at 
least the changes indicated by the index were between compar- 
able sets of prices. 

TABLE 82 

Wholesale Price Index Numbers (Old Series) 

(Average 1930 — 100) 


Annual 

Average 

Total 

All 

Articles 

Inter- 

mediate 

Products 

Iron 

and 

Steel 

i Total 
; food and 
■ tobacco 

i Meat, 
Cereals : fish and 
eggs 

Other 
food and 
tobacco 

1938 

101-4 

104-5 

139-1 


97-3 

109-9 

85-9 

97-5 

1949 

2300 

260-3 

252 9 


196-7 

196-7 

156-1 

230-6 

1950 : 

262-4 

294-5 

260-8 

. 

221-1 

2.35-3 

, 173-6 

251 3 

1951 i 

319-5 

371-8 

292-4 


246-9 

287-0 

; 179-3 

278-6 

1952 

327-6 

364-3 

353-5 


284-1 

313-6 

222-1 

316-4 

1953 i 

327-9 

355-9 ; 

362-1 


307-4 

341-3 

247 0 

334-6 

1954 I 

329-9 

385-9 

366-2 


307-5 ; 

320-1 

237-4 

358*9 


Source: Board of Trade Journal. Thi.'s series has been discontinued as from 1955 on. 


A detailed account of the construction of this index was given 
in the supplement to the Board of Trade Journal of 24th January 
1935. This index was replaced by the new index of wholesale 
prices which appeared initially in the Board of Trade Journal of 
19th May, 1951. The replacement of the old index was urgently 
required, since both the composition of the old index and the 
weighting system, which was based on 1930, were unsatisfactory 
and out of date. TTie only reason for including the above account 
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of the old index is if long period comparisons of price trends are 
required. The new index of wholesale prices, which is explained 
below, does not go back earlier than 1950, although some of the 
indices have been calculated for the years 1 946-50 where the data 
permit. 

The old index was to be a means of answering the question 
.‘what is the average change in the value of money relative to 
other things’ ; a reflection of the acceptance of the then current 
quantity theory of money. The new index is based on an 
entirely different conception of the functions which the index 
should perform. The new indices reflected the view that there is 
no such thing as the price level. At best the majority of prices 
move in the same direction, but always in varying degrees. The 
indices were to be related to major economic groupings, for 
example industries, and constructed ‘as far as possible so that 
they may be of direct help to the government, to industry and to 
economists in studying the effects of price changes’.^ 

The new and current index introduced in 1951 is in fact a 
number of index numbers which have been classified inlg three 
main groups. First, there are price indices of commodities and 
materials which are important in the production processes of 
certain industries. These commodity price indices relate to 
materials such as aluminium, brass and copper among metals. 
Among the staple fibres there is an index for raw cotton which is 
supplemented by separate indices for five separate types of raw 
cotton. The index for raw wool is similarly supplemented by 
three separate indices for the different varieties. The second 
group of index numbers are to a certain extent based upon the 
first group; they are termed indices of basic material prices. 
Among the first of these indices to be produced were those based 
on the prices of materials used in the mechanical engineering 
industry and building and civil engineering respectively. It was 
intended that these particular indices would be sufficiently reli- 
able to permit price revision clauses to be inserted into contracts 
for public works, whereby an agreed basis for adjustment of 
prices would be available to contractor and the authority placing 
the order. The last of the three groups of indices are designed to 
reflect the price movements of the total output of certain im- 
portant industries. For example, there is an index for the china 

^ Board of Trade Joumah 19th May. 1951. 
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and earthenware industry, for iron and steel (tubes) and for tin- 
plate. Examples of the indices taken from each of the three 
groups are given in Table 83 below. 

The base date for all the indices is 1954 = 100. The current 
series of index numbers is based on some 7,000 price quotations 
as against the 5,000 used when the index was first introduced in 
1955 with a base date of mid-1949. The indices are the arithmetic 
mean of the percentage changes in the prices that have taken 
place since the base date. 

The prices used in the calculation of these indices are the ‘ex- 
works’ prices of the commodities. If it is the practice for the 
industry to quote the price for the commodity ‘delivered’, then 
that quotation is used. The weighting is determined by the in- 
formation derived from the 1948 Census of Production, al- 
though supplementary information (the source of which cannot 
apparently always be disclosed) has also been utilised to ebtain 
correct weighting. In the case of the commodity price indices 
(group 3) which are compiled upon the basis of a number of 
types, e.g. the raw cotton or wool index, the weighting is deter- 
mined by reference to the value of the sales of each constituent 
commodity in 1954. For the basic materials price index (group 
1) the weighting is determined by the value of the relevant 
materials actually consumed in the appropriate sector of indus- 
try in 1954. For example, in the case of the house building 
materials index, bricks form 12-8 per cent of the total weighting, 
softwood 0-9 per cent and sand and gravel 8*2 per cent. 

The indices of prices of output of broad sectors of industry 
(group 2) derive their weights from data relating to the sales of 
the output or product by the corresponding sector of industry in 
1954. For example, the price index of the output of the iron and 
steel industry is based upon the combined prices of the com- 
modities contained in the list of conunodity price indices, i.e. 
iron castings, sheets, tinplate and tubes. Details of the appro- 
priate weighting has not been published. It should be noted that 
the prices and weights of the materials used in this particular 
index, i.e. product of broad sectors of industry (group 2), relate , 
only to the output sold outside the industry and not to that sold 
between firms within the same industry. 

The monthly indices are published in the Board of Trade 
Journal. In the mid-July issue each year there is a detailed review 
o 
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TABLE 83 

Board of Trade Wholesale Price Index: 
New Series 1954 (Annual Average) = 100 



Annual Averages 

Monthly Averages 1958 


1955 

1956 

1957 

1958 

Mar. 

June 

Sept. 

Dec. 

1. Materials Pur- 
chased by Broad 
Sectors of Industry 

Basic mater ial s and 
fuel used in manu- 
facturing industry 

103*0 

106*7 

107-4 

100-8 

100-5 

101-1 

100 2 

101-3 

Materials and fuel 
used in the elec- 
trical machinery 
industry 

110-2 

114-3 

114-9 

114-5 

114-0 

114-0 

114-5 

115-1 

House building 

materials 


109-4 

112*3 

111-9 

1124 

112-0 

111*3 

111-5 

2. Output of Broad 
Sectors of Industry 

All manufactured 
products: 
total sales 

103-4 

106-7 

110-2 

111-0 

110-8 

111 0 

110-9 

111 6 

Ironand steel : 
total sales 

104-0 

112-1 

123-9 

127-7 

129-3 

127-8 

127-0 

1267 

Paper industries: 
home sales 

104-9 

109-2 

110-3 

109-7 

109-9 

109-6 

109-4 

109-3 

3. id) Commodities 
produced in the 
United King- 
dom: 

Coal 

ni-9 

127-1 

136-5 

140 8 

142-9 

138-9 

1 

138-5 

142-4 

Soap 

97-7 

107-5 

115-5 

122-1 

120 1 

122-2 

123-4 

125-7 

Beer 

100-5 

101-8 

104-5 

105-1 


105-2 

105-1 

105-1 

3. ib) Commodities 
wholly or parti y 
imported into 
the United King- 
dom: 

Cotton, raw . . 

95-9 

95-1 

90-7 

77-2 

i 

80-2 

77-6 

75-5 

70-7 

Wool, Merino 
only : raw . . 

83-2 

87-7 

98-1 

69-9 

74-6 

75-2 

64-7 

57-9 

Wood pulp im- 
ported 

104-9 

109-5 

107-7 

101-9 

103-3 

102-1 

101-8 

999 


Source: Board of Trade Journals - various. February 1959. 


of the movements in the indices during the past eighteen months. 
In the mid-February issue, complete tables for each group of 
indices showing the annual averages for the latest year together 
with comparative figures for earlier years are given. Table 83 is a 
combination of the information given in these issues; it shows 
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the annual average for selected groups and commodities as well 
as the monthly indices for selected months in 1958. In the same 
issue any major changes or additions to the current indices are 
discussed. A selection of the more important indices in each of 
the three groups is published in the Monthly Digest of Statistics. 

The Actuaries’ Investment Index 

The most widely recognised index of share and security prices 
is that prepared monthly by the Institute of Actuaries. The index 
is prepared by the Institute for circulation to subscribers only 
but a summary of the most interesting groups and changes each 
month is usually published in the leading financial journals. As 
will be seen from the summary table below, separate indices 
are prepared for a variety of securities and shares. The purpose 
of the index is to indicate the long-term trend of security prices. 
Unfortunately for long period comparisons, the index is Revised 
at regular intervals. The last change was made in 1958 when the 
base date became 31st December 1957. Before this change, the 
base dates had been end-December 1928, 1938 and 1950. The 
index is actually a group of indices; a separate index being pre- 
pared for particular groups of securities or shares. These are 
classified into fixed interest stocks and ordinary shares, and for 
each of these main groups there are a number of indices. Each 
index is based upon the price movements of several stocks, the 
smallest group among ordinary shares being the Stores index 
with only two quotations in contrast with twenty shares com- 
prising the Miscellaneous index. 

Government securities are represented by a single security, 
2^% Consols. In view of the closely integrated structure of the 
gilt-edged rates this single security, which enjoys a good market, 
is probably an adequate indicator of price movements of the 
gilt-edged market. In the case of the group headed ‘Home Cor- 
porations’, four leading corporation stocks, three of which are 
irredeemable and the other unlikely to be redeemed, are used. 
The remaining securities and shares indices are classified under 
three main heads: debenture, preference and ordinary stock. 
The first of these main groups is subdivided into investment 
trusts, breweries, and miscellaneous. In the case of debentures as 
well as separate indices for Brewing and Miscellaneous deben- 
tures a combined index has been computed for these two groups. 
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The prominence of breweries in this group is explained by the 
fact that their freehold assets, e.g. tied houses, constitute an 
excellent security for loan capital. Preference shares are classified 
into two main groups, relating to investment trusts and in- 
dustrials. Ordinary shares are now broken down under three 
main heads: 

(a) Financial, which include banks, insurance and property com- 
pany shares; 

(fi) Equity Stock of the capital goods industries; and lastly 
(c) Equities issued by companies producing consumption goods. 
Separate indices are computed for the chemical, oil and shipping 
industries as well as miscellaneous. Finally, there is an industrial 
index covering all equities contained in all the groups. Examples 
are illustrated in Table 84. 

The selection of securities and shares incorporated in the 
varioqs indices is restricted to those companies the shares of 
which are quoted in the London Stock Exchange Official List. 

TABLE 84 


The Aciuaries’ Investment Index 



No. of 
Securities* 

Price Index (3 1 st 

Dec. 1957 = 1< 

m 

Securities and Shares 

^ 7 
Dec. 
1956 

31 

Dec. 

1957 

30 

Sept. 

1958 

28 

Oct. 

1958 

25 

Nov. 

1958 

30 

Dec. 

1958 

BRrnsH Government: 

2i per cent Consols . . 

1 

110-8 

100 

111*8 

112*7 

110*3 

111*8 

Home Corporaiions . . 

4 

112 5 

100 

108*8 

110*8 

108*7 


Debenture: 

Breweries . . 

5 

112*8 


108*6 

109*3 

110*7 

111 1 

Preference : 

Investment Trusts . . 

10 

110*0 

100 

106*3 

107*6 


107*6 

Industrials 

20 

102*9 

100 

102*5 

102*7 

102*4 

102*3 

Ordinary Shares: 
Industrials — {Capital 
Goods): 

Building Materials . . 

10 

106*3 


134*4 

141*1 

147*7 

159 0 

Engineering 

10 

110*3 


117*6 

121*3 

123*5 

132*0 

Total Capital Goods . . 

56 

110*7 

100 

117*3 

120*7 

121*2 

131*0 

Industrials - {Consump- 
tion) Goods: 

Chemists 

7 

84*4 


129*3 

137*6 

137*9 

146*6 

Food 

10 

101*5 


132*3 

134*4 

138-5 

159*2 

Total (Consumption 
Goods 

86 

98*3 

100 

123*0 

128*9 

131*5 

141*9 

Industrials {All classes 
combined) . . 

182 

103*5 

100 

123*0 

128*9 

131*5 

141*9 
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Furthermore, this quotation must have been confirmed by fre- 
quent market dealings. Secondly, the share must be issued by a 
company registered and operating at least in part in Great 
Britain. In the case of debenture stocks, the nominal issue on the 
29th Decanber 1950, must have been at least £500,000; the 
interest payments thereon must be reasonably well covered by 
earnings, and the stock should be either perpetual or unlikely to 
be redeemed. In the case of preference shares, a stock is included 
in the index only if at 31st December 1956 at least £1,000,000 
was in issue in the case of an Investment Trust and twice that 
figure if issued by an industrial company. Furthermore, it must 
be irredeemable and carry no participating rights nor carry more 
than 25 % of the total voting strength. The dividend payable on 
these securities must be cumulative, not tax free, and as with 
debenture interest must be well covered by current earnings. The 
ordinary share indices are based upon the prices of thosewshares 
which represent the equity of the business. In other words, the 
shares may actually be deferred or deferred ordinary. Only such 
equities are included the market capitalisation of which on the 
31st December 1956 exceed £2,000,000. Note the valuation is 
determined by capitalisation, i.e. market prices, and not par 
value. In the case of tobacco and chain store shares the mini- 
mum capitalisation is raised to £10,000,000 to render these 
groups more homogeneous. Finally, the dividend on the shares 
must have been paid in each of the preceding five years. 

It will be apparent from this account of the selected securities 
that the Actuaries Index is particularly well suited to the institu- 
tional investor who is interested, apart from trustee stocks, in 
high-class preference shares and blue-chip equities with a high 
degree of marketability. 

The computation of the index is straightforward. The prices 
used are the middle market prices given in the official list on the 
last Tuesday of each month, while the dividends used in calcu- 
lating yields are the total dividends paid during the twelve 
months preceding the date of the calculation. The individual 
industry index, for example engineering under Industrials 
(Capital Goods) is the unweighted geometric mean of the price 
relatives of the securities in that group. In the case of the group 
index, e.g. total Capital Goods, the index is again the geometric 
mean of the index numbers of the constituent groups. But in the 
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case of the ordinary share indices, weighting is effected by 
the market capitalisation of the shares included. Thus, the En- 
gineering index is weighted four times as heavily as shipbuilding 
in the group index for Capital Goods since the market value of 
the 10 engineering shares was four times as great at the base 
date as the market value of 6 shipbuilding companies’ shares. 
The same method of weighting is used for the ‘All-Classes’ index. 

In addition to the price indices the average percentage yields 
on all classes of shares corresponding to the price index are also 
given. These are calculated on the basis of the dividend paid in 
the preceding twelve months. 

The index is kept fully up to date and its representativeness 
ensured by an annual revision of the shares constituting the 
various indices. Both preference and ordinary shares may be 
removed if their prices fall below a fixed limit (unspecified) in 
relation to the index of the group. The revision also permits the 
inclusion of new securities in the case of ordinary shares which 
become available as the result of new issues. Similarly, securities 
may be removed in the event that the company comes under the 
control of another concern or that it has not conformed to any 
of the requirements specified above. 

Conclusions 

The sheer volume of economic statistics published in oflicial 
returns is impressive at best; at worst it is utterly confusing. The 
student reader will appreciate that he cannot know them all; in 
fact a real understanding of any of these data is only acquired 
after working with them. For example, if one is writing 
a detailed report on recent trends in British exports, by the end 
of it, the writer should know his way about the export trade 
statistics. What is really important is to know what data are 
available on particular aspects of the economy, then to appre- 
ciate that each series has its shortcomings and to look at the 
footnotes and explanatory notes which usually accompany the 
tables. Only in this way will mistakes in extraction and conse- 
quent errors in interpretation be avoided. The reader who is still 
wondering what is done with all these and other statistics relat- 
ing to the economy should read Carter and Roy’s book British 
Economic Statistics which although now a little dated still con- 
tains an excellent exposition of the problems of utilising some of 
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these data. More recently a pamphlet published by P.E.P., 
Statistics for Government, No.406, explains how these statistics 
are used in government economic planning. It should be supple- 
mented by a careful reading of an article ‘Recent Developments 
in Official Economic Statistics’ in the May 1957 issue of 
Economic Trends. 



CHAPTER XVIII 


TIME SERIES 

Introduction 

Numerical data, which have been recorded at intervals of time, 
form what is generally described as a time series. Thus the 
annual sales of a shop, the quarterly output of coal or the 
monthly total of passengers carried by a bus company; all these 
are time series. Undoubtedly the most popular form of present- 
ing such data is in the form of a graph as was shown in Chapter 
V. Graphs, unfortunately, have only a limited value in statistics; 
they enable data to be presented in simple and easily intelligible 
form, iliey do not, however, add anything to our knowledge of 
the data and are of no value for analysis, except in so far as a 
graph does sometimes help to bring out the inter-relationship 
between two or more time series. For the economist and business 
man a study of past events is an aid to making judgments 
concerning the future. Statistical techniques have been evolved 
which enable time series to analysed in such a way that the 
influences which have determined the form of that series may be 
ascertained. 

If the regularity of occurrence of any feature over a sufficiently 
long period could be clearly established, prediction of probable 
future variations would become possible within limits. Thus a 
decline in constructional activity is sometimes regarded as 
heralding the early stages of a recession. If this assumption can 
be statistically tested and verifled in the light of past experience, 
then the authorities responsible for economic policy possess a 
useful piece of knowledge to aid them in their contra-cyclical 
policy. In practice, the economist and statistician are the first to 
admit that analysis of trade conditions is extremely complicated 
since the economic life of a nation is subject to so many complex 
forces and influences, anyone of which it is impossible to isolate. 
It cannot be too strongly emphasised, then, that the elementary 
techniques described in the following text appear deceptively 
simple. This field of study remains the undisputed preserve of 
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the experts; and quite recently the validity of some of the 
generally-accepted and well-established methods of analysis 
has been questioned. 

Types of fluctuation 

Most series of economic data may be regarded as composed 
of four constituent elements which are set out below. In passing 
it should be noted that not all series combine all four elements, 
e.g. not all trades are seasonal although many are. Note too that 
not all time series concern economic data. A college may main- 
tain records of examination marks gained by students over their 
period of study ; such a time series would hardly show the same 
type of fluctuation as that expected from a series based on the 
quarterly output of motor cars or annual production of elec- 
tricity. In other words, one applies the methods of time series 
analysis only to such data as justify their employment, ;.e.»where 
some useful lessons may be gained for the future. Most eco- 
nomic scries covering long periods may be analysed into the 
following constituent parts 

Types of Fluctuation 

(1) The secular trend - or simply the ‘trend’. 

(2) Cyclical changes. 

(3) Seasonal variations. 

(4) Irregular or spasmodic fluctuations. 

The secular trend is the course which the data have followed 
over a considerable period. Despite temporary deviations from 
the course, i.e. both large and small fluctuations, there is a 
clearly-marked tendency in a given direction. For example. 
Table 85 (p. 41 3) reveals the trend in the amount of income tax 
collected in the period 1950-58. Although quarterly fluctuations 
in the series are quite prominent, as can be seen in Figure 21, 
the trend of tax receipts is upward with the passage of time. If 
a trend can be determined, then the rate of change or progress 
can be ascertained, and tentative estimates concerning the future 
made accordingly. The period covered in this example is rather 
short to justify the term ‘trend’ which should be restricted to a 

^ Modem statistical thelMry rejects this highly simplified classification of economic fluctuations. But 
there is no simpler way of explaining the basic structure of such movements, provided it is remem* 
bered that they are ail closely interwoven, and their complete separation is virtually impossible 
Modem analysis emphasises the seasonal movements about relatively short period trends. 
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definite continuous movement which has been observed over 
several decades. There is a tendency nowadays, however, to 
employ the term to indicate the main course followed at the time 
by the series. 

Cyclical fluctuations are far more complex, since their causa- 
tion differs from period to period. In practice, they are the most 
difficult of all to anticipate for purposes of effective economic 
offsetting action. The term ‘trade-cycle’ would imply a sys- 
tematic regularity in its appearance, but economists have estab- 
lished a variety of ‘cycles’, with durations of 3, 5, 7, 9, or 11 
years. It is only in recent years that economic opinion has crys- 
tallised on the basic features of the trade cycle - but despite al- 
most monumental research, particularly in the United States, all 
that has been proven is that there is no such phenomenon as the 
Trade Cycle, every one is different. 

Seasonal variations, however, are somewhat simpler to deal 
with. It is common knowledge that many industries are more 
active at certain periods of the year than at others, e.g,, the dress 
and fashion trade anticipates the Spring demand, the toj^manu- 
facturers the Christmas season, the motor car industry the 
Easier and summer holidays, while the building and construc- 
tional trades are slack in the winter months. Similarly, indices of 
grain imports rise during the late autumn due to the American 
and Canadian shipments of harvested crops, while the demand 
for agricultural labour is at its peak in harvest periods. 

If a definite periodicity for any occurrence can be established, 
and in particular, the extent of the average fluctuation at that 
time can be determined, the change in conditions can be antici- 
pated to some degree, and provision made to ofl'set any poten- 
tial disturbance it might otherwise cause. For example, the 
Treasury and the Bank of England initiate special offsetting 
measures to counteract the effect on the clearing banks of such 
large transfers of tax money during the first quarter oftheyearas 
are apparent from the data in Table 85 on page 413. 

Irregular fluctuations: The economic life of society would be 
very much simpler if reliable forecasts concerning the future 
course of business activity were possible. With existing techni- 
ques, forecasting economic trends remains little more than in- 
telligent estimating, since extraneous and unexpected factors 
continue to appear and upset the best-laid calculations. In the 
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interpretation of any time series, apart from establishing the 
trend and the extent of the deviations from it, the economist or 
statistician endeavours to isolate the irregular and unusual fluc- 
tuations by determining their cause, e.g., import statistics are 
made up from Customs records; in the event of a dock strike 
lasting many weeks, the goods would be landed late and the nor- 
mal seasonal movement in import statistics would then be re- 
placed by a single swollen figure for the month in which the 
strike ended. If the seasonal movement were to be computed for 
a long period, including that year, the distorted figure would 
have to be adjusted, or even omitted. 

Table 85 shows the amount of income tax paid to the Inland 
Revenue each quarter during the years 1950-8 inclusive. The 
quarterly totals given in Column 3 are plotted on a linear scale 
graph in Fig. 21, which conveys almost immediately two clear 
impressions : 

(I) The direction of the plotted curve is upwards from left to 
right, /.£^, throughout the period, the amount of tax paid has 
increased continuously apart from seasonal variations. 

Figure 21 

Income Tax Rlcmipis Ouarifrly 1950-8 with Trend 


INCOME TAX 
PAID £ M 
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(2) There appears to be a regular rise and fall in the amount of 
tax paid within the space of each year, and throughout the 
whole period these movements appear almost identical from 
one year to another. 

At the outset it can be stated that the first observation con- 
cerns the Trend; the second refers to the distinct Seasonal move- 
ment characterising this series. As a first approximation, the 
trend line may be drawn ‘free-hand’, sketching through the fluc- 
tuation so that the minor seasonal fluctuations are ignored; 
thereby indicating the course of the data in the period. This 
method unfortunately requires not merely a moderate degree of 
artistic skill, but a considerable knowledge of the data and rele- 
vant statistical techniques. Not all series are as simple and clear- 
cut as that depicted in Fig. 21 , and the trend line for many series 
when fitted by different people will vary quite a lot. 

< 

The Moving Average Method 

The more usual method is to obtain a number of plotting 
points through which the trend line should pass. These points 
are obtained by the method set out in Table 85, Cols. 4-6. This 
involves selecting a number of consecutive values and averaging 
them so that the variations in the individual values are reduced. 
The number of values utilised for determining the average de- 
pends on the periodicity of the fluctuations. The periodicity of 
these movements is usually measured by the time between the 
recurrent ‘peaks' shown on the graph of the original values. In 
this example no real problem of selecting the correct period can 
be said to exist, the data clearly requiring the average of four 
consecutive values. In contrast, however, for many other series, 
the determination of this figure may be extremely difficult. Thus, 
data relating to business activity, e.g., a series giving the number 
of company liquidations over several decades, would cover a 
number of business ‘cycles’. Probably it would be necessary to 
experiment with 5, 7, 8, or 9 years moving averages before a 
suitable trend line could be clearly established, /.£’., when the 
fluctuations of the individual values in the series from the trend 
are reduced to a minimum. 

If the four values, those for the four quarters of 1950, 
are averaged, the average would be written between the values 
of the second and third quarters. This necessitates the technique 
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TABLE 85 

Amount of Incx>me Tax Paid in Each Quarter 1950-58 (£ million) 


(1) 

Year 

(2) 

Quarter 

(3) 

Quarterly 

Totals 

(4) 

Sum of 
(3) in 
Fours 

(5) 

Sum of 
(4) in 
Pairs 

(6) 

Centred 
Trend 
(5) 8 

tSL. 

Fluc- 
tuations 
from 
Trend 
(3) — (6) 

(8) 

Seasonal 

tVari- 

ations 

(9) 

Residual 

Fluc- 

tuations 

1950 

March 

876 














June 

18S 

1,424 






— 

— 


September 

194 

1,405 

2,829 

354 

— 160 

— 216 

+ 56 


December 

169 

1,435 

2,840 

355 

— 186 

— 251 

4- 65 

1951 

March 

857 

1,472 

2,907 

363 

-t- 494 

-b 675 

— 181 


June 

215 

1,507 

2.979 

372 

— 157 

— 209 

-b 52 


September 

231 

1.669 

3,176 

397 

— 166 

— 216 

4- 50 


December 

204 

1,714 

3,383 

423 

— 219 

— 251 

4- 32 

1952 

March 

1,019 

1,697 

3,411 

426 

-f 593 

+ 675 

— 82 


June 

260 

1,675 

3.372 

422 

— 162 

— 209 

4 47 


September 

214 

1,736 

3.411 

426 

— 212 

— 216 

-f 4 


December 

182 

1,715 

3,451 

431 

-- 249 

— 251 

+ 2 

1953 

March 

1.080 

1,710 

3,425 

428 

i 652 

+ 675 

— 23 


June 

239 

1.713 

3.423 

428 

— 189 

— 209 

b 20 


September 

209 

1 .752 

3,465 

433 

— 224 

— 216 

— 8 


Deccmbei 

185 

1,713 

3,465 

433 

~ 248 

-- 251 

■b 3 

1954 

March 

1.119 

1.735 

3,448 

431 

-1 688 

i 675 

b 13 


June 

200 

1 761 

3,496 

437 

— 237 

— 209 

— 28 


September 

231 

1,873 

3,634 

454 

— 223 

— 216 

• — 7 


December 

211 

1,913 

3,786 

473 

— 262 

— 251 

— 11 

1955 

March 

1.231 

1,911 

3.824 

478 

753 

-i- 675 

4- 78 


June 


1,963 

3,874 

484 

— - 244 

— 209 

— 35 


September 

229 

1,945 

3,908 

489 

— 260 

— 216 

— 44 


December 

263 

1.965 

3,910 

489 

— 226 

— 251 

+ 25 

1956 

March 

1,213 


3,987 

498 

715 

+ 675 1 

+ 40 


June 

260 

2,010 

4,032 

504 

— 244 

— 209 

35 


September 

286 

2,132 

4,142 

S18 

— 232 

— 216 

— 16 


December 

251 

2,153 

4,285 

536 

— 285 

— 251 

— 34 

1957 

March 

1,335 

2,193 

4,346 

543 

4 792 

+ 675 

-b 117 


June 

281 

2.185 

4.378 

547 

— 266 

-- 209 

— 57 


September 

316 

2,221 

4.406 

551 

— 235 

— 216 

— 19 


December 

253 

2.239 

4,460 

557 

— 304 

— 251 

— 53 

1958 

March 

1,371 

— 

— 

__ 

— 

— 

— 


June 

299 

— 

— 

— 

— 

" — 



of ‘centering’ the moving average, which can be done by next 
finding the average of the second, third, fourth and fifth items, 
and adding this to the average of the first four values. Then if 
the aggregate of the two averages is halved, the moving average 
will be ‘centered’, i.e., the average of the two averages will lie 
against the third figure of the series, instead of between the 
second and third. If the period averaged covers an odd number 
of months or years (almost invariably the latter), the problem of 
centering does not arise; the average lies against the middle 
item, e.g., a nine-yearly average would be placed against the fifth 
value. It should be noted that ‘centering’ is only really necessary 
if the calculation of the extent of the seasonal or cyclical fluctua- 
tions is required; it is not absolutely necessary for the sole pur- 
pose of drawing the ‘trend’ line, as plotting points can be de- 
rived from the ‘mid-values’. 
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A simpler way of working, used in Table 85, is to aggregate 
the first four values, then the second to fifth values inclusive, 
yielding successive totals of 1,434 and 1,415 (Col. 4). By adding 
them, as in Col. 5, and dividing by 8, the moving average is 
centred (Col. 6). By continuing this process throughout the series, 
the succession of averages in Col. 6 is obtained. 

The series of moving averages plotted on the graph (Fig. 21) 
yields the dotted line passing through the, graph of the original 
data. This dotted line is described as the trend or line of trend. 
The process of averaging leaves both ends of the trend line 
‘short’, but this is not important if the period is long. 


Derivation of Seasonal Movement 

The purpose of analysing time series is not always the deter- 
minatipn of the trend. Interest may be centred on the seasonal 
movement displayed by the series and, in such a case, the deter- 
mination of the trend is merely a stage in the process of measur- 
ing and analysing the seasonal variation. If a regular b^ic or 
underlying seasonal movement can be clearly established, fore- 
casting of future movements becomes rather less a matter of 
guesswork and more a matter of intelligent forecasting. Thus, if 
grain shipments are known to fall 30 per cent from the August 
level by the following December, provision for this change and 
all that it implies for ports, etc., can be made by those concerned. 
If in the event the fall is sharper still, there is still the consolation 
that some part of it was correctly forecast. Lastly, before pro- 
ceeding to the actual statistical techniques, it should be em- 
phasised that the conditions in all the periods of time for which 
data are available were probably different. The decision as to 
what constitutes normal and the extent of the ‘abnormal’ fluctua- 
tion may be quite arbitrary. 

Where, as with the data given, the seasonal movements are 
large, it is necessary to estimate the ‘norraal’ seasonal movement 
at each quarter, and show up the ‘residual’ variation, /.c., the 
abnormal or unexpected movements. The first stage in this pro- 
cess is completed by averaging the actual movements or devia- 
tions from the trend (given in Table 85, Col. 7) for each quarter 
over the whole period. Since only two quarterly figures of 
fluctuations are available for 1950, they have been excluded from 
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the following table showing the method of calculating the 
average seasonal fluctuations. 

Before the average seasonal fluctuation can be calculated and 
graphed, a further adjustment is usually necessary. It may be 
remembered that the sum of the individual deviations of a series 
of values from the mean of that series was equal to zero. Since 
the line of trend is also an average, the sum of the fluctuations 
from that line should also equal zero. If they are totalled, as in 


TABLE 86 


Quarterly Fluctua i r>ns 


Year 

Quarters 

First 

Second 

Third 

Fourth 

1951 

4 - 494 



157 

— 166 

— ' 219 

1952 

4- 593 

— 

162 

— 212 

— 249 

1953 

4 - 652 

. 

189 

-- 224 

-- 248 

1954 

4- 688 

— 

237 

— 223 

— 262 

1955 

4- 753 

— 

244 

— 260 

-- 226 

1956 

4 - 715 

— 

244 

— 232 

— 285 

1957 

i- 792 

— 

266 

-- 235 

304 

1 otal 

4 - 4,687 


1,499 

- 1,552 

- 1,793 

Less Bias* 

!- 39 


39 

( 39 

1 39 


•t 4,726 



1,460 

— 1,513 

— 1,754 

Seasonal Variation. . 

-i- 675 1 

■ — • 

209 

— 216 

- - 250 


* Note that the error in total is — 157, therefore the correction to be applied is 
4- 157 or -f 39 to each quarter. 

Table 86 (+ 4687 — 1499 — 1 552 — 1793 -- 4687 ~ 4844) there 
is a difference of — 157 between the sums of the positive and 
negative movements. This difference, described as a 'bias’, 
frequently arises since the effects of large but irregular fluctua- 
tions cannot be entirely eliminated by the moving average 
method. Since the source of the ‘bias’ is unknown, it is offset by 
averaging it over the four quarters, and in this case adding it to 
each quarter’s total. The net sum of each quarter’s fluctuations 
from the trend line is then divided by the number of years 
covered; the quotients represent the average seasonal variation 
which may reasonably be expected in each respective quarter 
provided the conditions prevailing during the period covered by 
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the data do not change unduly. The residual movements have 
then to be explained by the variety of extraneous influences 
which have affected the data. The amplitude of the seasonal 
movement is indicated graphically in Fig. 22. The deviations 
from the trend line, represented in this diagram by the horizontal 
axis marked as 0, are measured absolutely along the ordinate. 

Figure 22 

Average Quarterly Fluctuations in Income Tax Receipts 1950-7. 
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Indices of Sieasonal Movements 

The movements about the trend line may also be graphed 
relatively to the trend, i.e., as percentage changes from the trend 
values at various points of time. This is done in Fig. 23. Such a 
graph reveals whether the amplitude of the fluctuations is de- 
clining relatively to the average values, i.e., the trend. In the 
foregoing example, although the trend reflects the increasing 
amount of income tax paid in successive years the seasonal 
movement has remained relatively stable, i.e., the proportions of 
the total amount of tax paid made in each quarter have not 
varied noticeably over the eight years under scrutiny. The total 
fluctuations (Col. 7, Table 85), i.e., seasonal plus residuals 
(Cols. 8 and 9), are superimposed on the same graph of seasonal 
variations (Col. 8). 

To derive this graph each quarterly total of income tax paid is 
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Fig. 23 

Quarterly Fluctuations Relative to Trend -.Data as in Table 87. 



divided by the trend value for that quarter and the result ex- 
pressed as a percentage of the trend value. Thus the values ex- 
pressed for September quarter 19.S0 are 3'5”4 X 100 (J.e., trend 
value divided into the actual quaiter’s value) equals 54-8; the 
same calculation being performed for each quarter’s figures. The 
use of logarithms, which are set out in Cols. 4 to 6 of Table 87 
simplifies the calculation. The difference between the logarithms 
represents the index derived by dividing the trend values into the 
recorded quarterly revenue figures, f.t*.. Cols 3-^-6 Table 85. 

By averaging the figures for each quarter in the years under 
review, i.e., first quarter: 236' 1, 239- 1, 252-3, 259-5, 257-5, 243-5, 
245-9, average = 249 to the nearest unit after correction for 
bias, an index of the seasonal movement may be derived. The 
sums of the indices for the four quarters should be 400; just as 
the deviations of the observed values should have equalled zero 
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TABLE 87 

Calculation of Seasonal Indices 


(I) 

Year 

(2) 

Quarter 

(3) 

Quar- 

terly 

Totals 

w 

Trend 

Values 

(5) 

Logs of 
Original 
Values 
(Col. 3) 

(6) 

Logs of 
Trend 
Values 
! (Col. 4) 

(7) 

Differ- 
ences 
between 
(Cols. 5 
and 6) 

(8) 
Anti- 
Logs 
of Quar- 
terly 
Indices 

X 100 

1950 

March 

£m 

876 

£m 






June 

183 

— 

— 

— 

— 

— 


September 

194 

354 

2*2878 

2-5490 

T-7388 

54*8 


December 

169 

355 

2*2279 

2*5502 

T-6777 

47*6 

1951 

March 

857 

I 363 

2*9330 

2*5599 

0*3731 

236*1 


June 

215 

372 

2*3324 

2*5705 

1-7619 

57*8 


September 

231 

397 

2*3636 

2*5988 

T-7648 

58*2 


December 

204 

423 

2*3096 

2*6263 

1-6833 

48*2 

1952 

March 

1,019 

426 

3*0080 

2*6294 

0*3786 

239*1 


June 

260 

422 

2*4150 

2*6253 

T-7897 

61-6 


♦ September 

214 

426 

2*3304 

2*6294 

1-7010 

50*2 


December 

182 

431 

2*2601 

2*6345 

T-6256 

42*2 

1953 

March 

1,080 

428 

3*0334 

2-6314 

0-4020 

252*3 


June 

239 

428 

2*3784 

2*6314 

1-7470 

55*9 


September 

209 

433 

2*3201 

2*6365 

1-6836 

48*3 

1 

December 

185 

433 

2*2672 

2*6365 

1-6307 

^2*7 

1954 

March 

1,119 

431 

3*0487 

2*6345 

0-4142 

259*5 


June . . 1 

200 

437 

2*3010 

2*6405 

T-6605 

45*7 


September 

231 

454 

2*3636 

2*6571 

1-7065 

50*9 


December 

211 

47> 1 

2*3243 

2*6749 

1-6494 

44*6 

1955 

March 

1,231 

478 

3*0902 

2*6794 

0-4108 

257*5 


June 

240 1 

484 

2*3802 

2*6848 

1-6954 

49*6 


September 

229 

489 

2*3598 

2*6893 

1-6705 

46*8 


December 

263 

489 

2*4200 

2*6893 

T-7307 

53-8 

1956 

March 

1,213 

498 

30838 

2*6972 

0-3866 

243*5 


June 

260 

504 

2*4150 

2*7024 

T-7126 

51*6 


September 

286 

518 

2*4564 

2*7143 

1-7421 

55*2 


December 

251 

536 

2*3997 

2*7292 

1-6705 

46*8 

1957 

March 

1,335 

543 

3*1255 

2*7348 

0-3907 

245*9 


June 

281 

547 

2*4487 

2*7380 

1-7107 

51*4 


September 

316 

551 

2*4997 

2*7412 

1-7585 

57*4 


December 

253 

557 

2*4031 

2*7459 

T-6572 

45*4 

1958 

March 

1,371 

— 

— 

— 

— 

— 


June 

299 

— 

— 

— 




(Table 88). In this case, too, any correction is apportioned be- 
tween the indices for each of the four quarters. TTie indices are 
then rounded. 

By applying the indices so obtained to the quarterly totals of 
another series subject to the same quarterly movement, a new 
series is derived, i.e., one ‘adjusted for seasonal variations’. In 
brief, the new series then contains the values which would have 
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TABLE 88 

Calculation of Seasonal Indices 




Quarters 


Year 





First 

Second 

Third 

Fourth 

1951 

236- 1 

57-8 

58-2 

48-2 

1952 

239- 1 

61-6 

50*2 

42*2 

1953 

252*3 

55-9 

48-3 

42*7 

1954 

259*5 

45-7 

509 

44*6 

1955 

257-5 

49*6 

46-8 

53*8 

1956 

243-5 

51-6 

55-2 

46-8 

1957 

245*9 

51*4 

57-4 

45-4 

Total 

1,733*9 

373-6 

367-0 

323*7 

Less Bias . . 

05 

0-5 

0*5 

0*5 


1,733*4 

373-1 

366-5 

323*2 

Seasonal Variation . . 

249 

53 

52 

46 


appeared if the seasonal movement did not exist. This is one of 
the simplest means employed to ‘refine’ data subject to cyclical 
and seasonal variations. If indices can be computed for all varia- 
tions and then applied to the relevant lime series, the analysis is 
rendered more effective. 


Summary 

The moving average method of deriving the trend of values 
and the seasonal fluctuations over a period is the main elemen- 
tary method available for this work. It can be applied to series 
covering several decades provided the data can still be treated as 
a series, the moving average in such a case being used to elimi- 
nate the so-called Trade Cycle. When the cycle is regular both in 
its periodicity and in the amplitude of fluctuations the moving 
average method will completely eliminate the fluctuation and 
yield a straight trend line. Skill and knowledge in the selection of 
the period used for averaging is necessary where the cycle is not 
so clearly defined, is the cycle to which the data under 
scrutiny are subject one of 3, 5, 7, 9, or 11 years; how many 
cycles are superimposed on one another? 

The moving average method, however, has certain disadvan- 
tages: 
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(a) The trend line cannot be accurately established for the period 
covering the whole series. As already stated, the trend line 
falls ‘short’ at both ends, and if the cycle is one of, say nine or 
eleven years, this may constitute a marked gap where the 
data cover only two or three cycles. 

(b) The diflSculty already explained of establishing a definite 
periodicity in the fluctuations. Different views on this will 
result in differing trend lines. Unless, therefore, the seasonal 
or cyclical movement is definite and clear-cut, the moving 
average method of deriving the trend may be rather un- 
satisfactory. 

(c) Since the ‘trend’ values are arithmetic averages, any extreme 
individual variation affects them unduly. If the seasonal 
variations vary considerably in extent from year to year, the 
trend may appear as a series of humps rather than a 
smpothed line, it is not possible to entirely eliminate the 
seasonal variation in the series. 

Conclusions 

Time series analysis requires almost more knowledge of the 
data and relevant information about their background than it 
does of statistical techniques.^ Whereas the data in other fields 
may be controlled so as to increase their representativeness, 
economic data are so changeable in their nature that it is usually 
impossible to sort out the separate effects of the various in- 
fluences. Attempts to isolate cyclical, seasonal and irregular, or 
random movements, are made in the hope that some underlying 
pattern of change over time may be brought out. It is noteworthy 
that analysis of cycles up to 1914 does reveal w^hat appear to be 
regular waves of alternating boom and slump. Some of the older 
trade cycle theories, such as the sun-spot and harvest variations, 
which are themselves natural phenomena, recognised that eco- 
nomic activity seems to follow a rhythmic pattern. But in present 
times, when natural economic forces are repressed and govern- 
ment action is so widespread in its effect, the fluctuations of the 
economy become increasingly unpredictable. 

The cyclical pattern of activity revealed over the major part of 
the last century, on which some of the above statistical ideas are 
based, gave an impetus to the use of statistical analysis for fore- 
casting trends and cycles. Despite the use of both simple and 
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complex techniques, ranging from the simple averaging of sea- 
sonal movements to multiple correlation of related series, e.g., 
coal output, rail transport, and steel production, it remains a 
regrettable fact that ‘scientific forecasting’ has not added any 
laurels to statistical science. The ideal situation would be where 
‘indicators' were available which could be used for forecasting 
the direction and amplitude of future changes. Both econo- 
mists and statisticians, by examining and analysing business 
data over many decades have tried to determine which indicators 
are the most reliable and consistent. Whether the results justify 
the volume of work entailed remains to be seen. 


Fitting the Trend by Algebraic Methods 

A more exact method of defining the trend is to estimate it by 
algebraic methods. 

In Chapter XII on Correlation, it was stated that linear dis- 
tributions could be summarised by a simple equation of the first 
degree: y — a + bx. This tool is extensively employed for fitting 
the trend to time series. As in linear correlation where the 
relationship is represented by a straight line, the equation is of 
the first degree. Many time series when plotted (as well as 
variables in correlation analyses) are curvilinear, the curve then 
being described by more complex equations. The principle, how- 
ever, remains the same. 

To illustrate the technique a simple example is given below. 
These data were selected because they conform to a linear 
pattern, but the results of using this method are not very much 


TABLE 39 

Passenger Miles Flown in Scheduled Fughts from U.K. Airports 1945-57 

(Million miles) 


Year 

Passenger-miles flown 

Year 

Passenger-miles flown 

1945 

301-9 


1,242-5 

1946 

362-8 


1,434-2 

1947 

441-1 

mssm 

1,515-4 

1948 

554-5 


1,801-4 

1949 

614-7 


2,102-3 

1950 

794-0 

mmm 

2,431-1 

1951 

1,065-0 

■H 



{Source: Statistical Abstract No. 95) 
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better than the Moving Average method. The trend line, how- 
ever, does cover the whole period and where the relationship is 
curvilinear, the error which arises in the Moving Average 
method is avoided. Briefly, when the curve is convex upwards, 
the trend values derived by the Moving Average method are 
low; when the curve is concave downwards, they tend to be 
exaggerated. 

The data in Table 89 above illustrates, the growth in the air 
passenger traffic of the United Kingdom between 1945 and 
1957. 

For quite a considerable body of phenomena, even in the 
economic field, data may reflect a continuous and fairly consis- 
tent rate of change or inter-relationship which may occasionally 
be described by a mathematical equation. Too much should not 
be read into this. No economic data will ever conform exactly to 
some scientific law expressed mathematically. Some data, how- 
ever, do conform approximately to this concept and for certain 
analytical work, e.g., statistical testing of trade cycle theories, it 
is useful to be able to define the trend in such a form instead of 
using the foregoing moving average method which merely 

TABLE 90 

Calculation for FimWo Trend Line to Time Series 
(Data from Table 89) 


945 

946 

947 

1948 

1949 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 



Totals 


14,661 


91 


134,503 


819 
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describes instead of analysing the data. Especial care is required, 
and this frequently constitutes the stumbling block to the use of 
this technique, to ensure that the basic conditions are un- 
changed throughout the period to which the data relate. Thus in 
the example depicting the growth of air passenger traffic the 
period 1945-1957 is selected rather than say 1937-1949 since the 
war years can hardly be linked with the post-war period to judge 
the degree of expansion and the probable future trend. 

Method of Least Squares 

In order to ‘fit’ a curve to the data given in the above Table the 
values of the terms a and b in the equation y — a + bx must be 
computed. The method employed is detailed in the calculations 
below and is known as fitting a curve by the ‘method of least 
squares’. The best fit is obtained when the sum of the squares of 
the deviations from the trend tine is at a minimum; hence the 
name of the method. There is only one line which meets this 
condition. 

The method employed in Table 90 above can be set out in 
successive stages. 

(1) The original data, the years within the period under review, 
and the annual totals are set down in columns 1 and 2. 

(2) Col. (3) headed ‘.r’ represents the ‘plot’ along the abscissa 
(horizontal axis) and is written as a consecutive series 1 to 13 
inclusive, ‘x’ may be referred to as the independent variable. 

(3) “'y' in the equation is liie ‘dependent variable’, i.e., the annual 
miles flown. In Col. (4) headed ‘xj’ the products of Cols. 2 
and 3 are given, .v in this case being not the year but its 
position in the series 1 to 13. 

(4) In Col. 5 the values in Col 3, i.e., the years in sequence 1-13 
are squared. 

(5) The values in Cols. 2, 3, 4 and 5 are next totalled, and the 
aggregates are then substituted for the symbols in the 
following equations which arc employed to derive the trend 
line; 

(i) = na fcSx 

(ii) 'Zxy = a'Lx b2x* 

Thus the equations become: 

(i) 14,661 = 13a -I- 9\b 

(ii) 134,503 = 91a + Sl9b. 
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(6) The solution of these simultaneous equations proceeds as 
follows : either a or b must be eliminated to derive the value 
of the other symbol. By multiplying the first equation by 7 
the following results are obtained : 

(i) 102,627 = 91a 4- 637Z» 

(u) 134,503 =. 91a + 819Z>. 

The difference between the two equations : 

31.876 = 1826. 

...6 = *} IF- = 175-14. 

(7) Substituting 175-14 for b in the original equation: 

14,661 = 13a + 916 

14,661 = 13a + 91 (175-14) 

14,661 = 13a + 15,937-74 

14,661 — 15,937-74 = 13a 

— 1276-74=- 13a 

— 98-21 = a 

(8) The basic equation which yields the straight line curve is 
calculated by substituting for a and 6 the values — 98-^1 and 
175-14 respectively. Thus for 1945, the value of y' is derived 
as follows 

y' = —98-21 + 175-14 = 76-93 
and for 1954: y' = —98-^1 + 175-14(10) = 1653-19 

Fig. 24 

Line of Trend fitted by Method of Least Squares: Data from Table 89 



1945 1946 1947 1948 1949 1950 1951 1952 1953 1964 1955 1956 1957 

CALENDAR YEARS 
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The estimated values (;^') for each successive year are set down 
in Col. 6 of Table 90 and may be compared with the original 
values given in Col. 2. Fig. 23 shows the original values plotted 
as crosses on the graph; the straight line passing through the 
positions given by the values in Col. 6. 

For future reference, however, it will be necessary only to 
write; ‘Trend of Passenger-miles flown from United Kingdom 
Airports in million miles 1945-57 = — ^98’21 -f- 175*14x Year 
of Origin 1944*, a statement which not only describes the 
character of the data, so that the approximate mileage flown in 
any intermediate year can be calculated, but also defines pre- 
cisely the trend. 

It will be realised that only two values for y' are required for 
the drawing of a straight line. The values for y' for the whole 
range of x values are calculated only so that the annual fluctua- 
tions from the trend may be derived, as well as enabling the 
actual values for each year to be compared with the ‘trend*. 

The student may wonder why in the note concluding Chapter 
12 explaining the calculation of the equation of a regression line, 
an apparently different method was used from that above to 
obtain the line of trend. Actually the same result can be obtained 
by either method; but for calculating an estimated line of trend 
it is simpler to use the above rough and ready method. 
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STATISTICS IN BUSINESS AND INDUSTRY 

The efficiency of any industrial or commercial undertaking is 
ultimately dependent upon effective managjement. Furthermore, 
of all the bottlenecks which limit the expansion of the business 
organisation (and the government department), in the long run 
management is the most serious. When concerns were small, the 
director had all the facts at his fingertips and made his decisions 
in the light of those facts. Today, the size of the public corp- 
oration and industrial undertaking is such that management can 
only f9llow developments, both internal and external, which 
affect their production and markets, by the creation of a statis- 
tical unit. The function of such a unit is to feed management 
with relevant data on the basis of which decisions are made, not 
blindly, but in the light of known facts. 

This work may not always be entrusted to a statistical depart- 
ment proper; sometimes a small unit is attached to the accounts 
department, or more oftei/ to the sales director’s office. 
Occasionally an individual with some statistical and economic 
training is appointed as assistant to the managing director, so 
that the latter may be kept abreast of developments which might 
otherwise escape his notice, or provide him with data relating 
to any problem which he seeks to elucidate. But whatever the 
form of the statistical ‘unit’, its functions are basically the same. 
It provides data which may be broken down into two main 
streams. Internal data based upon the records maintained by the 
sales, accounting, production and personnel manager’s depart- 
ments. External data which affect the concern; e.g. statistics 
relating to the trend of trade and of prices. In this connection a 
knowledge of sources and the reliability of the published data is 
especially important. An interesting example of the information 
about an industry and its market w'hich can be assembled almost 
entirely from official statistics is provided by the Statistical Re- 
view prepared by the Furniture Development Council as a 
supplement to its annual report. 
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Internal Statistics 

In practice, the type of statistical work performed will largely 
depend on the nature of the business. If its sales are strongly 
seasonal, the statistician may be able to estimate these variations 
accurately enough to effect economies on the production side. 
Similarly, intensive study of the data may reveal relationships 
with the experience of other industries which may occasionally 
prove helpful as guides in the taking of policy decisions. In other 
words, the statistician himself decides the scope of his work, and 
must use his specialist knowledge and skill to ensure that his 
efforts provide results which will be of value to the organisation. 
His biggest enemy is likely to be the director who wants ‘facts’, 
not the qualified statement which the statistician must invariably 
make when his estimate is based either on a sample or on 
assumptions relating to the trend of business. Even at the ex- 
pense of disagreement, it is better in the long run not to be 
bullied into stating positive and unreserved conclusions except 
on the very few occasions when they arc justified. 

An important part of the business statistician’s work entails 
the analysis of data and information provided mainly by the 
accounts and sales departments. From the statistical viewpoint, 
the sales ledger alone conceals a wealth of information. Turn- 
over can be analysed by areas, by size of customers’ orders, by 
type of goods sold, duration of credit granted or extracted. 
Similarly, data relating to selling costs, advertising, transport 
and commissions may be broken down. The internal adminis- 
trative costs of the organisation may be analysed by depart- 
ments; or various costs may be related to turnover or profits. 
The value of such analysis is reflected in the fact that the first 
task undertaken by any firm of business consultants called in to 
inquire into the efficiency and marketing problems of any 
business is to extract all the data possible from the firm’s internal 
records. 

The need to simplify statistical data in business cannot be suf- 
ficiently emphasised. The statistician who lays before a depart- 
mental chief or management board a mass of data, even if it is 
relevant to the topics on the agenda, is useless. For this type of 
work a good knowledge of tabulation is essential. In dealing with 
non-statisticians, the design and lay-out of tables and diagrams 
are probably as important as the content of the tables, and the 
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lessons to be learnt from them. The statistician’s primary func- 
tion may be to collect these data, but his real ftinction is to 
ensure that the board receive a concise statement as to what the 
figures show. It is his function to interpret his data ; he is not a 
clerk employed to prepare tables of figures. Just sufficient 
figures should be attached to the report to illustrate the main 
points. He should, however, keep in reserve all the detailed data, 
condensed in varying degrees, so that he may produce further 
and more detailed evidence to support his report in the event 
that anyone should query it. It has been well put that ‘his 
soundest deductions will be dismissed by that frightful crack 
about lies, damned lies, and statistics. The human tale of a single 
customer may outweigh the statistical evidence of ten thou- 
sands’.^ In practice, it is better for a statistician or the statistical 
unit to be independent of departmental responsibilities. Once 
‘attached’ to a department, the statistician often ceases by sheer 
force of circumstances to be an independent observer, and is all 
too often used to support his department’s case in inter- 
departmental disputes. 

Labour problems constitute at the present time one of in- 
dustry’s biggest headaches. In this field, too, the statistician can 
be useful to management. Qipte apart from providing the per- 
sonnel manager with regular information concerning labour 
turnover, which at, any time, much less in conditions of full 
employment, is expensive for the firm concerned, statistics may 
be assembled to provide data relating to absenteeism and sick- 
ness rates. It may be argued that such data are quite easily 
assembled by the personnel manager without the aid of a 
statistician. Just recently, however, the writer has heard of two 
cases, both concerning nationally known firms which pride 
themselves upon their labour relations. In one case male and 
female employees were ‘lumped together’ for the determination 
of sickness rates, while in the other case the company seemed to 
be unaware that there was any relationship between sickness and 
age, or whether married women, who formed a significant pro- 
portion of the staff, experienced different rates from their un- 
married sisters. Consequently no analysis of absent or sick 
employees was made and useful information was lost. These may 
seem very obvious points to the reader. One is indeed sometimes 


^ *Statisiics and the Statistician in Business’, H. T. Weeks, J.R.S.S.t 1947, Part II. 
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bewildered by the omissions and errors made when the statis- 
tically untrained individual (and it must be admitted, the 
statistically trained too) handles or assembles any data. Yet it is 
in these simple data that improvement is so easy and is so often 
needed. 

External Statistics 

‘Desk research’, as it is often called, does not consist solely of 
collecting data relating to the activities of the firm in the fields of 
production and of selling. Reference has already been made to 
the use of national statistics prepared by the government depart- 
ments, which - as pointed out in the address of Lord Heyworth, 
Chairman of Unilever Ltd.^ - are useful in enabling management 
to formulate policy decisions in the light of relevant information. 
A company selling a consumer product needs to watch the 
national income statistics relating to consumer expenditure 
which appear annually in the Blue Book and quarterly in the 
Monthly Digest of Statistics. Producers of capital goods can 
derive useful information regarding the state of the market both 
actual and potential by studying current investment figures such 
as the rate of factory building, the slate of order books in the 
ship building industry and that of the machine tool trade which 
appear regularly in the Board of Trade Journal. In the field of 
exports, statistics are more than adequate to meet most needs for 
guidance as to the changing pattern of demand in leading over- 
seas markets. The Board of Trade is prepared to supply detailed 
analyses and breakdowns of statistics relating to particular 
goods and markets for manufacturers and others who require 
information in greater detail than in its published form. 

The firm contemplating the marketing of a new product can 
obtain information as to the number of retail outlets which carry 
this type of goods throughout the country and their distribution. 
It is on the basis of the Census of Distribution that the adver- 
tisers of new shop premises in a Yorkshire town were able to 
advise readers to establish themselves in Britain’s ‘most under- 
shopped town’. In the same field, fluctuations in the montMy 
retail trade statistics can be used as a standard against which the 
firm’s own sales performance can be judged in general terms. 
Where the market for a particular commodity is dominated by a 


^ See quotation on page 7. 
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mere handful of large firms, a study of changes in Censuses of 
Production data can reveal the extent to which the numerous 
small firms share in an expanding market. It is easier for the 
large firm to increase its sales by pushing the smaller firm out of 
the market, than by trying to beat its large rival. By no means 
statistical in character, but nevertheless often full of valuable 
information are the chairman’s remarks at the annual general 
meetings of the leading public companies. Firms whose pros- 
perity is dependent upon the sale of their particular products to 
such firms or ancillary trades can often derive some guidance as 
to their prospects from the declared intentions of their main 
customers. In brief, there is an adequate supply of economic 
statistics and even a superfluity thereof in some fields, which if 
intelligently used can ease the task of management in regulating 
the affairs of its business.^ 

A nj,ajor problem confronting the statistician in business is to 
answer the question, ‘ What figures should be produced?’ It is all 
too easy to produce masses of detailed information, most of 
which will never be used. It is even easier to continue producing 
figures the need for which has long passed. It is important, how- 
ever, to ensure that sufficient data are available to answer 
promptly any request for in^rmation on any aspect of the 
organisation’s work. As a basic principle, it should never be for- 
gotten that figures cost money to produce. It is a sheer waste to 
produce more than are absolutely essential to the efficient con- 
duct of the business. As one industrial statistician has put the 
problem: ‘We must make the optimum (not maximum) use of 
statistics, and must judge efficiency not by the volume, but by the 
extent to which they serve a distinct and clear purpose’.® 

Market Research 

The terra ‘market research’ covers a wide range of activities 
which have a common object. That is to learn as much as pos- 
sible about the people who buy the various products, why they 
buy them and what can be done to persuade them to buy more. 
Even the most enthusiastic market research consultant will con- 
cede that some firms are too eager to rush into this field and 

^ For this purpose the H.M.S.O. publication *Econoniic Trends* and the bi-inonthly bulletin of the 
National Institute of Economic and Social Research are useful* 

* C. Davenport Hu^es, 'Difficulties and Dangers in Statistics in Industry*. The Incorporated 
Statistician, March 1954. 



STATISTICS IN BUSINESS AND INDUSTRY 

sp>end money before finding out whether or not a market sxflt!0y 
is necessary to solve their particular problem. Any repi^table 
agency will invariably extract via ‘desk research’ the m^mum 
information about the company’s affairs before undertaking the 
survey. This has two advantages. It reveals whether or not the 
survey is really needed; for the cause of the malaise in the 
business may lie elsewhere. Furthermore, ‘desk s^earch’ often 
reveals j,ust what the problem is, so that the ^penditure on 
market research may then be concentrated on that aspect of the 
firm’s marketing policy which appears to fall short of require- 
ments. 

Many market research consultants complain that some firms 
regard their function in much the same light as many people 
regard their doctor. As long as all seems to be going on fairly 
well, they don't worry. It is only when business starts declining 
that they call in the services of the market research ageijcy and 
then, on the strength of one survey - often done as cheaply as 
possible - expect them to effect a cure. There is a large body of 
expert opinion which considers that the advantages of market 
research are only fully derived from continuous market surveys. 
They do not deny that a single ad hoc survey designed to eluci- 
date a particular problem may be very useful. They emphasise, 
however, the value for any firm to be kept abreast of current 
developments. For example, that firm’s sales may appear to be 
well maintained but if market demand is growing it follows that 
the firm is then only retaining a declining portion of the market. 

Some research agencies maintain consumer panels which 
continuously test and comment on various products. Since the 
cost of such a panel is probably spread over a number of clients, 
its ‘services’ can usually be bought for rather less than a full 
scale ad hoc sample survey. Similarly, the services of an organi- 
sation such as A. C. Nielsen of Oxford, which specialises in the 
well-known retail audit enquiry, are invaluable to any large 
producer of branded products. This provides a two-monthly 
statement of sales, current stocks held by retailers and changes 
therein, of a wide range of branded consumer goods, so that any 
one manufacturer can judge how his own product is faring in 
competition with other brands. 

Even with a well-managed company which maintains its own 
statistical unit, recourse to the occasional market survey can be 
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highly profitable. The specialist agency has access to much 
information relative to many lines of business; their expertise 
and knowledge can yield results the value of which will repay 
many times the cost of their services. No reputable agency will 
undertake a survey for the mere sake of the fee. It knows full 
well that only if it can produce useful results will its client be 
pleased and wish to re-engage their services. So extensive has the 
use of market research become in industry today, not merely in 
the field of consumer purchases, but also' in the field of capital 
goods such as plant and machinery, that there is much truth in 
the comment, ‘the question is not whether we can afford it; it is 
whether we can afford to do without it!’ 

The Z Chart 

A type of graph which enjoys a considerable vogue in business 
rather than in statistical circles, is that known as the Z chart. It 
derives its name from the form made by the lines on the graph, 
as will be seen from a scrutiny of Figure 25. The Z chart is 
merely a method of graphing a lime scries in such a way that the 
totals for successive periods are plotted and in addition the 
cumulative total and a moving annual total. 


ABC Company Ip'O. Sales Record, 1958 


Month 

Monthly 

Sales 

Cumulative 

Monthly 

Total 

Moving 

Annual 

Total 

January . . 

9,378 

9,378 

138,680 

February 

7,624 

17,002 

138,827 

March . . 

9,310 

26,312 

138,965 

April 

12,851 

, 39,163 

139,633 

May 

14,394 

53,557 1 

140,172 

June 

17,839 

71,396 

142,619 

July .. i 

15,674 

87,070 

142,206 

August . . . . : 

15,301 

102,371 

141,977 

September . . , 

12,219 

1 14,869 

143,869 

October . . ! 

10,046 

124,636 ' 

144,705 

November . . 1 

8,917 

133,553 

144,147 

December 

i 

11,463 

145,016 ; 

145,016 


The data on which the graph is based are given above in the 
table, showing the sales of ABC Co., Ltd. This is divided 
into three columns. The first gives the monthly turnover, and 
the second the cumulative total as from January. The final 
column provides the annual total of sales for the twelve months 
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Figure 25 
Z CHART 



JAN MM APR MAY JUNL JULY AUG SEPT Oa NOV DEC 


Sales record of ABC Company Limited 1958 

ended in any month of the current year. Thus against June the 
figure in the third column is £142, 619, i.e., the total sales for the 
twelve months ended 30th June 1950. The total for the period 
ended 31st July is £142,206, which is smaller than the preceding 
figure by £413. Since the sales for the current July were £15,301, 
the sales for the July in the previous year were £413 greater, i.e., 
£1 5,714. The figures for all the months for the preceding year can 
be so computed if necessary from the table, except for January. 
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The real value of the moving annual total is that it indicates the 
trend of sales relatively to the preceding year’s experience. If the 
moving annual total line is rising, it indicates that each month 
this year is an improvement on the same month of the preceding 
year. If required, a series of such charts for successive years can 
be set side by side for comparative purposes. 

Business Forecasting 

No branch of the statistician’s broad field of enquiry provokes 
such controversy as that known as ‘economic forecasting’. The 
fact is, however, that in business affairs the firm which can make 
the best estimate of future trends will make the largest profit. 
The government is nowadays much exercised to maintain a high 
and stable level of employment with increasing production. To 
these ends, both industry and the government have availed them- 
selves pf the services of statisticians. A recent publication by the 
Market Research Society entitled Business Forecasting^ reveals 
that the leading firms in this country incur considerable expense 
in maintaining a statistical section which devotes a large part of 
its time to forecasting the future course of the business in which 
they are directly concerned. Similarly, the government has given 
its blessing to the work of ^ National Institute of Economic 
and Social Research in the field of economic forecasting.* 

There are many types of forecast ranging from the ‘hunch’ of 
the business man that prices are shortly going to rise, to the 
efforts of the statisticians at the N.I.E.S.R. and Central Statis- 
tical Office to forecast the short run development of the economy 
by econometric methods based on a wide range of data of vary- 
ing degrees of reliability and up-to-dateness. Only a fool would 
make extravagant claims for such ‘guesstimates’ as they have 
been called, but there have been a number of occasions when 
predictions were demonstrably accurate.® As pointed out above, 
the stakes are too high for any potentially useful tool to be 
ignored. If ‘forecasting’ can be of any assistance in ensuring that 
firms are not caught napping, then it will be undertaken. It 
remains therefore to consider the various techniques. 

^ PablicBtions of the Market Research Society No.3. 

* See the bi-monthly bulletin of the N.1.E,S.R. 

* See ‘Econometric apd Sample Survey Methods of Forecasting* by L. R. Klein in Market Research 
Soel*ty§ vol. op. cit. 
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The first method is to assemble data relating to the period just 
past, e.g. of sales, and to assume that any discernible trend will 
continue into the immediate future. In the absence of any other 
information this is quite a useful method, but it rests on the 
validity of the assumption that the conditions which determined 
the trend and pattern of sales during the period just elapsed, will 
continue to operate in the immediate future. An alternative 
method using the same data is to examine the factors and under- 
lying forces which have produced those results. Once they have 
been ascertained it is up to the forecaster to decide whether those 
same factors are going to remain equally effective in the future 
or, if they are likely to change, how they will affect his firm. 
There is little question that in this field the statistician can do a 
good deal. The tremendous expansion in recent years in the 
volume of official statistics makes it possible for him to correlate 
one series with others and determine from the various series of 
data available the extent to which one factor rather than another 
has exerted any influence. For such work the statistician needs to 
have more than a passing familiarity with official statistics. 
While it may not be immediately obvious, the fact remains that 
many series are still of dubious value, e.g. those on stocks; while 
others appear only after a lengthy interval of time and may be 
out of date and therefore irrelevant to the problem. 

The largest gap in the official statistics is that of what are 
called ‘forward looking statistics’. These are derived from sur- 
veys of consumers’ and industrialists’ expectations and inten- 
tions regarding the future. In the United States such surveys are 
frequent and the government has expressed its satisfaction with 
the results.^ In the United Kingdom these enquiries are still in 
their infancy. One of the best known is the Board of Trade’s 
sample survey among large industrial undertakings to assess 
their intentions in the field of capital expenditure.® It is probably 
too early as yet to evaluate the reliability of these data but it is 
known that in one or two cases the government statisticians have 
rejected the results of the enquiry, preferring to rely upon their 
own estimates. It is noteworthy that the authors of another 
paper in the Market Research Society’s book on market research 
in the firm of J. Lucas (Electrical) Ltd. commented that ‘we 

^ See 'The Use of Oflicifil Statistics for Business Forecasting* by C. T. Saunders, Market Reieareh 
Society's vol. op. eit, 

> See p. 3S8. 
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found by past experience that we are not able to base future pro- 
jections of our requirements upon consolidated manufacturers* 
plans. Manufacturers tend to be incurably optimistic and tend to 
talk in terms of maximum capacity only’.^ 

This may, of course, be a reaction peculiar to the circum- 
stances of the post-war situation in the motor-car industry. On 
the other hand, those statisticians who advocate expanding this 
particular type of statistic would argue that no one would or 
should rely upon the actual figures themselves. Interest in these 
series lies primarily in their guide to the timing and the direction 
of change in the relevant variables. 

The most recent and interesting development in economic 
forecasting is in the field of the econometric model. This is a 
system of simultaneous equations which is so designed as to 
represent the workings of the national economy. The ‘model’ is 
especially valuable when the statistician is dealing with variables 
which are prone to sudden change, f.e. in market situations 
where uncertainty is great. Its merit is that it explains why and 
how the changes in the economy or market are to take place; the 
forecast merely shows where the firm is going without specifying 
in detail the determining factors. The larger models may have 
nearly fifty equations baseck upon various data reflecting the 
relationship between variables such as the level of investment 
and consumer demand, imports and internal economic activity. 
This highly specialised field is the undisputed preserve of the 
expert and only begins to be comprehensible to the mathema- 
tician who requires the services of modern electronic computers 
to resolve these complex models. Nevertheless, it is not so much 
the solution of the equation which provides the real problem; it 
is that each equation has to be separately prepared in the light of 
the available data and each estimate of a relationship is a 
potential source of error. 

The Statistician in Industry 

The value of the statistician as a member of the production 
manager’s staff will often be reflected in tangible evidence of 
lower production wastage with reduced inspection costs, etc. In 
this field the professional statistician’s specialised mathematical 
skills are of especial importance. Probably the most widely 

^ Application of Mttrket Investigation, bv C. P. 1>. Davldaon and J. T. Joyce. 
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known of all statistical techniques in industry of all kinds is 
qtmlity control. As the name suggests, the object of this technique 
is to control the quality of a given product in such a way that 
wastage is minimised because it is detected as soon as scrap 
begins to appear.^ 

Every production manager has experienced the teething 
troubles with a prototype. Such experimentation is expensive 
and wasteful. Sometimes the product has to be modified over 
and over again until it meets the designer’s requirements; on 
other occasions - and these are far fewer, it comes out right very 
quickly. A statistical approach via experimental design has been 
evolved whereby a specially designed series of experiments pro- 
vides information which enables the statistician to determine 
which particular courses of action or development of a project 
are likely to yield useful results and those which are likely to be 
of little value. In other words, work can be concentrat^ upon 
those lines which are most likely to yield results, thereby saving 
both time and money. It is freely conceded by ‘practical’ produc- 
tion men that such analytical techniques are not merely labour 
savers, but may at times produce a solution to particularly com- 
plex problems which might never have been reached by con- 
ventional experimental techniques. A simple illustration is pro- 
vided by the eflbrt to produce a certain compound capable of 
resisting heat and abrasion up to certain limits. If there are 
several variables, which individually react upon each other, then 
the variations possible in the final product are very high indeed. 
Properly designed experiments can greatly reduce the number of 
attempts to achieve the final product of the required standard. 

Operations Research 

The wartime technique of operations research has since been 
adopted in some large organisations whereby teams of experts, 
with varying scientific but usually mathematical training, seek a 
solution to a particular problem ?n theoretical terms, and they 
then translate their theories into practice. Operations research is 
not purely statistical; but without the utilisation of modern 
statistical theory and practice, O.R. would not be the promising 
tool that it undoubtedly has become. Statistics to the O.R. team 
is what the scalpel is to the surgeon. Knowledge of the laws of 

* See Chapter XX. 
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probability upon which statistical theory is based makes it pos- 
sible to derive optimum solutions to what are known as 
‘queueing problems*. For example, how many berths should be 
built to discharge cargo from ships which arrive at varying 
intervals in such a way that berths are neither left unused for 
long periods, nor are so few in number that ships are kept 
waiting for long periods to discharge their cargoes. The same 
technique may be used in the solution of bottlenecks in the pro- 
duction line, or any service establishment, &.g. the canteen queue. 
This technique is at present one of the most flexible and powerful 
methods of analysis available. Similar techniques make it pos- 
sible to determine the rate at which material stock should be 
ordered in a factory to ensure that the minimum amount of 
capital and space are tied up in holding such stock, and yet en- 
sure that the chances of a production hold-up on account of 
stocks running out are kept to an absolute minimum. 

In some complicated situations in which chance factors will 
often disturb a pre-arranged plan or schedule, the Monte Carlo 
technique is employed, but this is practicable only witl^ elec- 
tronic computers. In simple terms, this technique reproduces a 
great range of operational data for given sets of circumstances in 
a very short space of time. In t^is way the most effective counter- 
action can be prepared to me^ the more common causes of dis- 
ruption. Without it, management would only acquire such 
knowledge over a very long period with greater consequent 
wastage from frequent breakdowns. Another technique known 
as linear programming is beginning to attract much attention, 
although it is still in its early stages of development as a practical 
tool. Visualise, for example, a factory meeting a markedly 
seasonal demand. In one quarter demand greatly outstrips pro- 
duction, in another the reverse occurs. One solution is to produce 
for stock in the slack period; another is to employ intensive over- 
time in periods of peak demand. Each of these ‘solutions’ is 
expensive, the one because it ties up capital, the other because it 
is uneconomic to operate. Given the data relating to the limits of 
storage capacity, costs of overtime production, costs of annual 
output and a firm estimate of the prospective demand, ‘linear 
programming’ techniques permit a solution to this problrai 
whereby for a given output total costs including warehousing, 
capital tied up, overtime charges, etc., are minimised. 
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Then there is the new theory of games. This is the study of 
competition between opponents in which a certain strategy is 
worked out by one player, the probable reactions of the 
opponent anticipated and the best counter devised. During the 
last war the technique was extensively applied in the air and sea 
war. The analysis is basically simple since it consists of nothing 
more than ascertaining the probable consequences of any course 
of action by one of the players so that the relative merits of each 
counter can be judged. As long as the strategy is restricted to 
two players with limited possibilities of action, the analysis 
is not difficult. It becomes extremely complex when the tech- 
nique is applied to real life situations in view of the large 
number of variables. Hence the employment of computers is 
necessary. 

Conclusions « 

It will be apparent from the foregoing illustrations that 
statistical techniques can find extensive application in the field of 
commerce and industry. While the simpler forms of analysis 
requiring ‘desk research’ demand relatively little mathematical 
knowledge, for business forecasting a familiarity with some 
mathematical techniques such as a curve fitting and multiple 
correlation is desirable. An understanding of the new and 
growing technique known as ‘operations research’ is restricted to 
the mathematician. Nevertheless, even a limited understanding 
of statistical techniques can help the administrator to appreciate 
what the professional statistician and the O.R. team are en- 
deavouring to do. If full benefit from such techniques is to be 
obtained within the business world, there must be understanding 
between the technicians and the executive staff. 
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Introduction 

One of the most useful yet simple applications of statistical 
theory based on the Normal curve is to be found in industry. The 
feature of modern industry is repetition w^ork or mass produc- 
tion. The manufactured products may be intended for use by 
themselves, rolls of cloth; or for use in conjunction with 
other parts made elsewhere, e.g.^ a component of a machine. 
For all the precision of modern engineering, no two pieces 
following one another off the same machine are identical. The 
differences may be so small as to be invisible to the nak^d eye, 
but they exist. The simplest example will be appreciated by the 
reader of crime fiction. There is apparently no difficulty in deter- 
mining from which of any number of apparently identical fire- 
arms a particular bullet was fired. The markings on the bullet 
are caused by the imperfections in the rifling, since the perfect 
boring instrument has yet to be devised. But this doesn't affect 
the efficiency of the firearm. Not all engineering products require 
such precision in manufacture and it is usual on an engineering 
blue-print to read machining tolerances. These tolerances indi- 
cate the permissible variation from the manufacturing specifi- 
cation. Such tolerances are necessary because variations in the 
product are inevitable; their sole purpose is to lay down limits 
which the variations should not exceed. One method widely em- 
ployed to ensure that defective or inferior quality products are 
not passed into stock from the workshop is to have an inspection 
department. Usually the inspection is 100 per cent, every pro- 
duct being examined and the worker being paid on the accepted 
output. This system has two main weaknesses. The faulty work is 
detected only after it has been done and if several processes have 
been carried out after the piece became faulty, the machine and 
labour time wasted is considerable. Futhermore, human nature is 
such that even the 100 per cent inspection system is no guarantee 
that only satisfactory products will leave the works. Lastly, the 
cost of such inspection departments is often considerable. 
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The Theory of Quality Control 

The best inspection system is that which detects the fault as 
soon as it appears, /.e., at its origin, while also dispensing with 
100 per cent manual inspection of the end product by substitut- 
ing a virtually foolproof system of continuous sample inspection. 
Such a system is provided by the technique known as Quality 
Control, Since it is conceded that variation in the quality or size 
of a product is inevitable and within certain limits permissible, 
the first step is to ascertain the causes of any variation. Some 
variation in quality is certainly attributable to chance. This is 
usually so small and insignificant that it may be ignored; in any 
case since it is caused by numerous independent factors, it would 
be uneconomic and even impossible to trace them all. For 
example, the quality of brass castings being turned on a lathe 
will certainly vary, or the running speed of the machine may 
fluctuate. The important and larger variations are attributable 
to assignable causes. These arc defects in the production process 
which by themselves will adversely affect the quality of the pro- 
duct, e,g„, excessive wear on the cutting tool, bad handling of 
the machine by the operative, and so on. These causes can and 
must be traced immediately their presence becomes apparent if 
the product is to be of the r^uired standard. 

Quality control enables those in charge of production to verify 
whether variations in the quality of the product are attributable 
to chance or to assignable causes. Tf they are of the latter type, 
then remedial action by the manager is called for. The function 
of the engineer at the commencement of production is to set the 
machine so that it may be expected to produce the particular 
product to the required specification. When this is done, ‘con- 
trolled* conditions of production are created. Quality control 
indicates immediately to the engineer when production condi- 
tions cease to be ‘controlled’. To illustrate general practice, a 
simple example is drawn from the light engineering industry, 
where quality control has been widely adopted. Assume that a 
hole is to be drilled in a particular product to the depth of 1 -00 
inches. The maximum tolerance permissible in the depth is, say, 
three-thousandths of an inch, i,e,, no hole may exceed 1-003 
inches, or be less than -997 inch. We may imagine that the drill- 
ing machine has been set and a special jig prepared to help the 
machinist to work fast, yet maintain the required standard- The 
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next stage is to ascertain whether production conditions are 
controlled. For this purpose the product has to be examined. 
Either every unit drilled may be tested for depth, or samples may 
be taken at regular intervals. Let it be assumed that eight units 
are tested every half-hour, representing 10 per cent of the hourly 
output of 1 60. The proportion tested usually lies between 5 and 
10 per cent of the total output, while individual samples may 
contain any number of units. The usual practice is for the inspec- 
tor to take the last successive eight units off the machine on his 
arrival. Sometimes the sample may be selected at random by the 
inspector from the bin containing the finished product since his 
previous visit. Both methods have their advantages, but from 
the point of view of controlling the process the former method 
has more to recommend it. The dimensions of each of the eight 
units are set down as in Table 91, and the sample mean and 
range calculated. This is done for, say, 20 samples, and then the 
sampfe means and ranges are themselves aggregated and 
averaged. The resultants are termed the process average and 
the mean sample range, usually represented by the syn^^ols X 
and w. They are, of course, estimates of the ‘population’ mean 
and dispersion for all the units produced under controlled con- 
ditions. 

This assumption is based on the belief that as long as the 
process is controlled, all the drillings constitute a single homo- 
geneous population. This follows since the only variations arise 
from chance and not from assignable causes; just like the distri- 
bution of heads in the tossing of sets of coins. If this is true, the 
population of drillings may be assumed to be normally distri- 
buted. It follows then that if chance alone causes variations, /.e., 
the process remains controlled, only 1 in 20 units will vary 
beyond the limits of two standard deviations about the mean. If 
the limits are raised to 3 09 standard deviations, then it may be 
expected that only 2 in 1,000 will diverge by more than this. It 
need hardly be added that instead of calculating the range for 
the samples, the standard deviation might equally well have been 
derived. But it is so much easier to extract the range for small 
samples and it can be converted into terms of standard devi- 
ations by using special conversion tables. These give in most 
cases a good {i,e. satisfactory) conversion; but not a perfect con- 
version. 
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Control by Charts 

Quality control is based on a continuous checking of the 
dimension under control, so that any variation greater and more 
frequent than that which may be expected from chance causes 
alone is immediately detected. Corrective action to the machine 
process is thereupon undertaken before serious waste ensues. 
Indication that action from the engineer is called for is provided 
by the control charts. These charts are based on the expectation 
that successive sample means drawn from a single homogeneous 
population will distribute themselves normally. Fig. 19 illus- 
trates the simple form of combined chart which is extensively 
used. It comprises two charts, one above the other, so that they 
have a common X axis. The upper chart is for the sample aver- 
ages, the lower one for sample ranges. For the present we are 
concerned only with the chart for sample averages. 

A line parallel to the base is drawn from a point alon^the Y 
axis, at -99954 inch, equal to the process average derived from 
the data in Table 91 . The base is marked off in half-hourly inter- 
vals. As the successive sample means are derived they are plotted 
on this chart. If the process is under control they should distri- 
bute themselves about the horizontal line representing the 
process average. To what extent may deviations from this line be 
tolerated? The permissible limits are indicated by the parallel 
lines drawn either side of the process average. The nearest pair 
are known as the Inner control limits and the outside pair as the 
Outer limits. The distances from the process average are equal 
to 1-96 and 3-09 standard deviations respectively; they are, in 
effect, the 5 per cent and 0-2 per cent confidence limits. 

The values of the process average and the range are based 
initially on the data provided by a limited number of samples, 
e.g., the 20 illustrated in Table 91 . As the operation is continued 
and further data are collected, the original estimates can be 
revised where necessary. 

Reference has already been made to the conversion factors 
used to reduce the sample ranges to standard deviations. Special 
tables have been compiled for this purpose. These factors va^ 
with the number of units in the sample and the extent of the 
sample range. This is to be expected, since we know that the 
value of the standard deviation is inversely related to the sample 
size. The conversion factors for deriving the control limits about 
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the process average from the sample ranges are represented by 
the letter A'.^ To distinguish between the factors used for the 
Outer and Inner limits, the former is written A'oool and the 
other A'oo 25 - These are then multiplied by the mean sample 
range w, so that the inner wntrol lines are given by X ± A'o-o25 
w and the outer limits by X ± A'q-ooi w. Substituting for these 
symbols with the values given in Table 91, we get the inner con- 
trol limits at *9975 inch and 1-0015 inches from -99954 it -244 
(-0082); the outer control limits at -9964 inch and 1-0027 inches 
from -99954 ± -384 (-0082). 

The control chart for ranges is derived in similar fashion. In 
this case, too. the conversion factor is multiplied by w to derive 
inner and outer control limits representing the same probabilities 
as before. The factor in this case is symbolised by the letter D. 
The inner limit then is given by the expression D'o-025 w; sub- 
stituting we get 2-04 (-0082) — -01673 inch. The other lin^t is at 
-01328, D'oool being equal to 1-62. Only two instead of four 
limits are given here and reference to the scale will reveal that 
the range is limited downwards by zero. The main purpose of 
this control chart is to see that ranges do not get out of control, 
i.e., they do not exceed the mean range by more than a given 
amount. But if they approach zero this only implies that the 
production process is becoming even more stable and accurate 
than expected. This may, of course, be significant, but it can be 
ignored here. The importance of the range chart is probably 
clear. We know that the mean of any two samples can be the 
same, although the ranges are very different. As long as the 
deviations from the mean given by the two extreme values 
balance with regard to signs, they may become very large with- 
out affecting the mean. Returning to the illustration, if only the 
sample means were plotted, the engineer would not know if all 
units in the sample fell within the control limits, even though 
the sample mean did. As long as the production process is con- 
trolled the dispersion within samples will be kept fairly constant 
But, as will be seen, the first evidence of lack of control is often a 
greater dispersion of the sample values, although the means 
appear to be under control. It will be understood that the two 
charts are inter-related and should be read together. 

^ The values for A and used in the following paragraphs are taken from Tables 10 and 13a of 
‘Quality Control Cbarts\ by B. P. Dudding and W. J. Jennett, publislied by the British Standards 
Institution. This is the clearest authoriutive description of British practice, and should be read by 
anyone interested in the subject. 
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Production Control by Charts 

Once the control charts have been prepared the procedure is 
quite simple. The inspector, equipped with suitable gauges, 
checks the required sample as it comes ofT the machine at the 
specified intervals. Each dimension is recorded, the sample 
mean and range computed and plotted on the charts. As long as 
the plots oscillate regularly about their mean line, even if they 
occasionally drift towards either of the ogter limits, the process 
is under control. As soon as any plot falls outside, remedial 
action is called for. 

From the account so far, it would appear that for 10 hours 
the time apparently needed to collect the first 20 samples for 
preparing the charts, there is no continuous control. Only the 
units sampled are checked. In practice, however, the control 
charts are usually prepared after, say, 10 samples have been 
drawiji. To avoid undue delay, the samples are often taken at 
shorter irregular intervals. From the data so derived preliminary 
charts can be drawn. After another twenty or so samples have 
been obtained at the usual interval, the data so obtained ajc used 
to revise, if necessary, the earlier charts. Clearly, a great deal 
will depend on the type of process to be controlled. Some can be 
set up quite easily; with oth^s, charts cannot be prepared with 
any confidence for quite a long time. 

I'o simplify the exposition, the data in Table 91 will be used 
for two purposes. They have already served to compute the 
control limits (for this purpose the last sample would have been 
excluded in practice, but the error can be ignored here).^ Now 
let it be assumed that these data are being collected sometime 
after and represent the course of current production. For the 
first eight samples the product appears to be under control. The 
next two sample means show a tendency to stay around the 
upper limit and perhaps a small adjustment is made. The next 
series of samples in consequence drift across the graph, while 
the last sample falls well outside the outer limit. At this point a 
check would be called for and the units produced immediately 
before the sample was drawn should be checked. 

Interpreting the Charts 

Reading the charts is a straightforward matter, the interpre- 

^ Since the last sample is clearly faulty, it does not belong to the ‘population*. Jn calculating the 
^population* mean, this sample would normally be excluded. 
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tation is slightly more complex. There are two main types of 
excessive variation which will reveal their presence as the process 
goes out of control. The first, already mentioned, is that the 
sample means will tend to either of the limits and remain in close 
proximity to it. Even if the plots remain on the right side of the 
limit, the process should be checked. A simple example was 
illustrated above. The other fault is for the ranges to get out of 
control. In the above example, the charts show that the ranges 
are well under control, but vei“y often when they do go out of 
control the trouble may be more difficult than with the means. 
The actual interpretation of the charts in terms of mechanical 
faults is the responsibility of the engineer, although experience 
of the process will often indicate its cause. When sample means 
tend to keep away from the process average, bad tool-setting or 
careless adjustment may be the cause. Increasing sample ranges 
may be attributable to excessive tool wear or undue play in worn 
bearings. 

All that has been done so far is to establish the inherent nature 
of the process. On that information certain positive action can 
be based in connection with the production of the article. In 
practice, there is much more even to the simpler systems of 
quality control than this description may suggest. The sole pur- 
pose of discussing this technique is to emphasise the variety of 
applications of statistical theory. Briefly, however, the control 
chans should ensure that the final product will comply with the 
manufacturing specifications. One problem is to ensure that the 
chart control limits do not exceed the machining tolerances 
allowed in the design. In other \\ords, when the specified 
machining limits lie well inside the range of ± 3*r, then the 
process will produce more rejects than if the limits were wider. 
The solution in such a case is to examine whether these fine 
machine tolerances are necessary and if not to increase them. If 
they are, then the manufacturing process must be improved. 

Advantages of Quality Control 

The technique described above provides a virtually contin- 
uous inspection of the product. It can be applied at all stages of 
the manufacturing process, e.g,, there may be several drilling 
and milling operations. Each can be controlled independently. 
The outstanding advantages are as follows: 

Q 
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1. Quality control dispenses with the need for 100 per cent 
inspection of the finished product now so widely employed 
in industry. Human nature being what it is, this system is not 
100 per cent reliable and quality control is probably more 
efficient and cheaper. 

2. An outstanding feature is the reduction of wasted time and 
material to an absolute minimum since faulty production is 
immediately detected and the causes removed. An operator 
can see the likelihood of scrap being produced on his 
machine by observing the pattern of plots on his chart and 
can take action to avoid it. The saving in terms of labour, 
machine hours, material and supervision, quite apart from 
the reduction or even abolition of the final inspection depart- 
ment, more than cover the costs of introducing and main- 
taining a comprehensive quality control system. 

ff 

3. The experience of industry with this technique has been such 
as to encourage many progressive firms to introduce it. Al- 
though specially suited to the light engineering industry, 
where it is often called ‘dimensional’ quality control, the 
principles are the same for other industries. Systems have 
been evolved for the cheipical and textile industries among 
others. An interesting application of quality control tech- 
nique was described in Target.^ The sugar firm of Tate & 
Lyle Ltd packs weekly 7,500 tons of sugar into one and two 
pound packets. No machine can weigh this number of 
packets exactly and a margin - in favour of the consumer - 
must be allowed. By using quality control the average over- 
weight can be regulated and in 18 months, using relatively 
unskilled female labour, the average overweight per packet 
has been reduced from 4 to J of a dram. This apparently in- 
significant saving represents 65 tons of sugar per annum. 
Further, unlike so many schemes introduced by manage- 
ment these days to increase production, workers soon appre- 
ciate the benefits of the system. The basis and operation of 
quality control can be explained quite simply to semi-skilled 
operatives and machinists on the floor of the shop. The 
female labour operating the system in the Tate & Lyle pack- 
ing plants are merely given a brief training course. It also 


1 July 19S3, Journal published by the Central Office of Information. 
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permits a better distribution of skilled supervisory capacity. 

4. Combined with quality control, special sampling systems 
have been devised which provide a manufacturer with almost 
complete security against the risk of despatching inferior 
products to his customers. These methods are based on sta- 
tistical theory beyond the scope of this text. 

Conclusions 

In its simplestform quality control represents an application of 
the normal curve theory and sampling. While sampling in the ord- 
inary meaning of the term permits an approximate assessment of 
the whole, with statistical methods it enables one to judge 
whether or not successive small samples are of a different quality 
from each other. Given the knowledge acquired from a succes- 
sion of samples, it is then possible to infer with considerable 
accuracy not merely the quality of the whole, but to fcyecast 
accurately the standard of quality which can be maintained in 
the future. Only the principles have been indicated here. There is, 
ho V ever, a growing literature on this subject, much of which is 
designed for the technical worker and non-statistician. Further 
reading will indicate some of the many applications of this useful 
technique and it is certain that further developments will follow 
rapidly as quality control is more widely employed. 
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MECHANISED PUNCHED CARD SYSTEMS 


In several chapters reference was made to the use of punched cards in con- 
nection with survey work. It will be remembered that the questionnaire 
r^roduced on pages 238 to 240 contained what were described as pre- 
coded answers to several of the questions. It ^s there suggested that 
the major virtue of this method was that it saved time during the interview 
and led to greater accuracy, since the interviewer did not have to waste time 
setting down verbatim, or in note form, the answer given by the respondent. 
On this score alone, pre-coding of answers on the schedule of questions is 
decidely useful. The main reason for the practice, however, is to be found in 
the widespread use of mechanical aids to sorting and tabulating the data 
collected on the interviewers’ schedules. The various mechanical aids em- 
ployed to this end are simply described as mechanised ‘Punched Card’ 
systems, due to the fact that the two I.C.T. systems,^ the Hollerith and 
the Powers-Samas, are both based on the use of a punched card, which 
is described below. In passing, it may be said that broadly speaking, both 
systems achieve the same results and with few exceptions the main functions 
of the individual machines used in the two systems are identical. The prin- 
cipal difference lies in their method of functioning, for whereas with the 
Hollerith the sensing of the cards is by electrical contact through the holes 
punched in them, with Powers-Samas the sensing is mechanical by means of 
pins passing through the holes. *SenSlng’ in this context means selecting and 
sorting the card according to the position of the punched hole in the cards. 

The basis of the systems, it may be repeated, is the thin pasteboard card, 
approximately 7^in by 3in in size. In passing, it may be mentioned that 
cards are available with from 21 to 160 columns. The layout of the cards is 
specially designed for each particular survey or any other work which the 
machines will undertake. In each of the columns are series of figures. Some 
cards contain all the values from 0 to 9 inclusive and possibly at the head of 
the column two other code letters, e,g,^ X and Y, if extra codes are needed. 
Tlius if there are 12 answers possible to a particular question, all the values 
0 to 9 and say X and Y are inserted in the column. When the schedule is 
returned by the interviewer, the marked number denoting the answer given, 
is punched on the card in that column. If necessary, combinations of any 
values may be used. The ruling between the various columns of figures 
breaks the cards up into what are known as ‘fields’. These fields are headed 
by the title of that particular section of the schedule, and the relevant 
answers are punched within them. These mechanised punched card systems 
have other uses apart from statistical survey work. In actual fact, both 
systems find their main employment in the accounting field, although as 
social and commercial survey work expands, relatively more use will be 
made of the machines in this field. 

^ International Computers and Tabulators L-td. 
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It may sometimes be necessary to use more than one card for each sche- 
dule. This has certain disadvantages which, however, can be quite easily 
overcome. For the moment, the point to bear in mind is the necessity for 
giving every care and attention to the layout of the card. This is a hi^ly 
skilled technique, and I.C.T. Ltd. willingly help users of their equipment to 
design new layouts. The reason for this emphasis on layout is that without 
careful planning from the start, many of the virtues of this method, 
speed, may be partially lost. For example, a poor layout may necessitate 
several sortings of many thousands of cards, when with a well designed 
card which had anticipated this particular analysis, two or three sortings 
would have sufficed. 

However, assuming the cards to have been properly designed, the next 
stage is to transfer the information on the schedules to these cards. The 
punching of the cards is effected either by a small manually operated 
machine which resembles part of a typewriter keyboard; or by an auto- 
matic machine described at the end of this Appendix. The operator has 
merely to punch the code number ringed by the interviewer on to the same 
number in the appropriate field of the card. A competent operator can 
reach and maintain a remarkably high speed of punching. The main factor 
in determining the rate of punching, however, is usually the state of the 
schedule and the legibility of the writing! Since any statistics produced from 
these punched cards can be no more accurate than those punched on the 
card, it is essential to verify the accuracy of the operator’s work. 

Two methods of verification are provided. In the first, the cards are ‘rc- 
punched* from the schedules by another operator. The machine used docs 
not ‘punch’ but senses conformity with the holes already made. If either the 
first operator has made a mistake or the second operator accidentally de- 
presses the wrong key, the machine locks. The operator must then check 
the cause of the disagreement. With the alternative method check punch- 
ing is also used, but in this case mechanical ‘sensing’ is used to detect any 
disagreement between the first and second punching operations. 

Once all the fields are punched, the card then constitutes a permanent 
record of all the information originally contained in the interviewer’s sche- 
dule. Since the fields are headed, the operators can usually interpret quite 
easily the holes on the card, if a single card is being examined for any rea- 
son. It is at this stage that the value of this system becomes apparent, /.e., 
sorting and tabulation. It will be remembered that so far the extraction of 
the information from the schedules is no more than is done manually on 
prepared forms. 

The Sorting machine is capable of sensing the classification codes, /.^.9 
the holes, punched into the cards and arranging the cards into any classes 
or sub-classes, as the operator may pre-determine. Apart from sorting at 
speeds up to 40,000 cards an hour, the sorter will also record the number of 
cards in each class. Once sorted, the information must be printed in tabular 
form. This function is performed by the Tabulator, which not only prints 
on specially prepared forms any of the required information on the cards, 
but will also accumulate and print sub-totals and totals at pre-determined 
intervals. The machine may be set so as to add or subtract one set of group 
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totals to or from another, and so on. These machines are so flexible that 
they can be adjusted to reproduce any part or any combination of data 
contained in the cards, at speeds ranging from 5,000 to 12,000 cards per 
hour. The information contained in these sheets is then available for de- 
tailed study. 

It can scarcely be denied that the first sight of these machines in opera- 
tion is startling, in particular the speed of the sorter and the tabulator. But, 
invaluable as ar^ all the functions described so far, the major advantage of 
mechanised systems has hardly been sufliciently stressed. It has already 
been pointed out that manual tabulation may be^lmost as rapid as the 
transfer of data to the punched cards; and the clerks then have the tables 
virtually prepared. But in all surveys, the respondents are classified into 
various groups and by various characteristics. Take, for example the 
Hulton Readership Survey on the results of which was based the study ‘The 
Pattern of British Life’.^ Manual tabulation will provide from the schedule 
such information as ‘how many women smoke, how many read a women's 
weekly journal, how many have two children, live in a flat or a house, like 
electrical appliances and, if so, which do they own?' But if after sorting out 
all these results, the investigator wants to know for example, ‘how many 
women Ifving in flats with children have electrical appliances and what are 
the most popular ones’, the only way to derive this information is by work- 
ing all through the schedules again noting each woman to whom all these 
characteristics apply. With punched cards, assuming all this inforn^tion 
has been punched, the task is easy. If the card has been designed with this 
type of analysis in mind, the sorting machine can select from all the cards, 
those with these particular characteristics. As many as eight characteristics 
can be selected simultaneously. This example has been deliberately exag- 
gerated, but the basic principle remains true, /.c., that for cross analyses of 
the various characteristics of the individuals sampled, the mechanised 
punched card systems arc supreme. It was pointed out early in the 
appendix, that a great deal of unnecessary sorting and time can be saved by 
designing the cards in anticipation of the various analyses of the sample 
that may be required. But even if successive sortings of the cards, selecting 
one characteristic at a time, were necessary, it would still be faster than the 
manual method. 


OTHER MACHINES 

Automatic punching equipment has been referred to in an earlier paragraph 
of this appendix, and as it is possible that one or other of the various types 
available may be found useful, a very brief description of the more usual of 
their special functions is appended, together with brief details of other 
punched card machines which may also, in particular circumstances, prove 
of interest. 

Automatic Punches 

Several types of automatic punches are available, each embodying some 
or aU of the following features : 

1 *Tlie Pattern of Britisb Life*. Hulton Press Ltd. 
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id) Reproducing punched data from one card on to another, or from one 
set of cards on to a corresponding set; or 

ib) Gang punching data from a Leader, or Master Card on to any number 
of following cards ; or 

(r) Summary Punching or Balance Punching. In this operation the Auto- 
matic Punch is linked to the Tabulator, and set up to punch a card 
recording the information accumulated in the counters of the Tabula- 
tor, together with such indicative information as may be required, as 
each group, or sub-group of primary records is dealt with by the 
Tabulator; or 

id) Comparing the data punched into one set of cards with that punched 
into another corresponding set and automatically indicating any dif- 
ference that may be sensed ; or 

ie) Mark Sense punching of manually marked cards. With this latest devel- 
opment of the automatic punch primary records may be entered direct 
on to cards, the entry being effected manually with a graphite pencil. 
These graphite markings will be subsequently sensed by the e^tomatic 
punch and translated into punched holes. This sense punching is carried 
out at a rate of 6,000 cards per hour. Jt will be evident that where it is 
practicable to make primary entries on blank cards this method has 
much to recommend it. 


Electronic Calculators 

With the advent of electronics many difficulties which attended multi- 
plying in the past ~ converting the factors into shillings and decimals or 
pence and decimals - have now disappeared. Modern punched card calcu- 
lators can carry out a sequcr.ce of such operations as multiplying, cross 
adding, extracting of square roots, subtracting and dividing without con- 
verting any of the factors into decimals. 

They can at the same time check pujtched calculations for correctness. 


The Interpreter 

As the name implies this machine is used for the purpose of interpreting 
cards, /.£?., sensing the data punched into a card and printing this informa- 
tion in alphabetical or numerical characters on the same card, usually along 
the top edge. 

For certain sorting work which involves the intermingling of two sets of 
punched cards, a machine known as the Collator or Interpolator is available 
which will, at one simultaneous passage of two sets of cards through the 
machine intermingle them in correct numerical sequence, thus effecting 
considerable economy of sorting time. Whilst amalgamating the two packs, 
the machine will, it required, segregate from either pack all cards for which 
there are no corresponding cards in the other pack. 
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In addition to the compilation of statistics, the equipment described in 
the foregoing pages may also be employed to perform such day to day 
accounting procedures as Ledger Posting; Preparation of Payroll - includ- 
ing P.A.Y.E., Computation; Preparation of month-end Statements, etc., 
etc. 



APPENDIX B 

SOME SUGGESTIONS FOR FURTHER READING 

This text, as was indicated in the Preface, is designed primarily for students 
studying part-time for their professional qualifications in which statistics is 
a subsidiary subject. Its scope is also sufficiently wide for those working for 
the external degrees of London University in the social sciences. Few 
part-time students find it possible to read extensively on any single 
subject, least of all a subsidiary one like statistics. Consequently a single 
book must usually serve. There is, however, always the possibility that 
sufficient interest in the subject may be aroused for the student to wish to 
pursue his studies further. With his limited background, the selection of 
suitable text from the very large number available is not easy, and the 
following suggestions may serve as a guide. 

For the student who has no mathematics beyond the arithmetic in this 
text, the best book is Principles of Medical Statistics, by Prof. Bradford 
Hill. The adjective ‘medical’ should not be allowed to put off the prospec- 
tive reader. It provides a brief but simple exposition of the principles of 
sampling and the various significance tests, some beyond the scope of the 
present book. In addition, it introduces the reader to some elementary ideas 
in the problems of statistical inference. For the reader who wishes to read 
more about the logic of significance tests and the basis of modem statistical 
analysis. ‘An Introduction to Statistical Science in Agriculture’ by D. J. 
Finney can be recommended. As with the first book mentioned, the title 
should not deter the reader. For the student interested especially in the 
application of statistical methods to economic data, a reading of selected 
chapters of Applied General Statistics by Croxton and Cowden, particularly 
those on index number theory and time series analysis, is instructive. The 
reader must be prepared to work through the numerous but brief examples 
which illustrate points made in these texts, but none of them is difficult. 
The student who possesses at least ‘Advanced’ level mathematics and who 
wishes to obtain a real understanding of statistical theory, must read An 
Introduction to the Theory of Statistics, by Yule and Kendall. While many 
sections of this authoritative work require but little mathematics, it can in 
no sense of the term be described as an ‘introduction’ for the reader ill- 
equipped with mathematics. 

Occasional references (all of which are comprehensible to the non- 
mathematician) have been given in the text to reading on specific topics, 
but some of the following books may be of interest. On quality control 
there is a large body of literature, both British and American. Much of it is 
intended for technicians, but G. Herdan’s Quality Control provides a de- 
tailed account which amalgamates the theory and practical aspects of this 
subject in simple language. Statistical Methods in Research and Production, 
edited by O. Davies, is a collection of concisely written essays on the appli- 
cation of the more advanced techniques in industry. Few proofs are given 
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of the theorems, and it is therefore much easier to read than the work by 
Yule and Kendall. On the other hand, the essays are all closely reasoned, 
and a fair knowledge of algebra is essential. But the reader with a special 
interest in this field who is prepared to take the subject seriously, this book 
will amply repay the time spent on it. 

On sampling theory and procedures, the leading British book is Sampling 
for Censuses and Surveys, by Or F. Yates. Some of this is descriptive in 
character, mainly those sections dealing with the conduct of surveys. But 
the major part, devoted to a discussion of sampling theory, is advanced. 
For the general reader Methods of Social Surveys^ by C. A. Moser is the 
most suitable British book on Survey technique^. It contains extensive 
illustrations from current surveys. Apart from the occasional sections in the 
chapters on sampling, the book is eminently suited to the non-mathematical 
reader with an interest in this very important branch of statistical technique. 
A valuable feature is the very full bibliography of writings on survey 
techniques. 

Whichever of the above-mentioned works is consulted, numerous refer- 
ences will be found to literature in that branch of statistics in which the 
reader wishes to specialise, always assuming, however, that he is prepared 
to devote more time to the study of the mathematical bases of statistics. 
Lastly, in the field of commercial statistics, the reader will note the growing 
use of graphs and statistical tables in the chairmen’s reports which accom- 
pany the accounts of leading public companies. The Annual Industrial^ and 
Financial Surveys published by the Financial Times, The Times and the 
Manchester Guardian all contain articles which illustrate the use of national 
statistics in interpreting economic trends. Such sources provide invaluable 
lessons in the art of using statistics. , 
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of ungrouped data, 102 
in worked example, 135, 137 
Midland Bank, 14 
Ministry of Health, 253 
Ministry of Housing and Local Govern- 
ment, 252, 253 

Ministry of Labour, 267-268, 345 
Ministry of Labour Gazette, 55, 277- 
281, 340, 344, 347-350 
Ministry of Power, 350 
Ministry of Supply, 360 
Ministry of Works, 360 
Mode, 108-110 

mean and median compared, 111-113 
formula for. 110 
in frequency curves, 120 
and skewness, 1 30 
Monte Carlo Technique, 438 
Monthly Digest of Statistics, 14, 16, 
139, 340, 343, 350, 360, 403, 429 
Mortality, 

class differences in, 259-261 
Comparative M. Index, 316-317, 320 
comparison of, 312, 313, 322 
Crude Central M. Ratio, 303 
infant, 261 , 283 

occupational, 261-262, 289, 321 
Standard M. Ratio, 260, 317, 321- 
322 

trend of, 316 
Moving average, 412-420 
disadvantages of, 420 
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Multi-stage sampling, 185-192 
advantages of, 190 
weaknesses of, 190 

National Coal Board, 14 
National Income, 376-383 

international comparisons, 381 
sources of data, 377 
three approaches to, 377 
National Income and Expenditure Blue 
Book, 376 et seq. 

National Institute of Economic and 
Social Research, 434 
National Insurance Act, 346 
National product, 351, 358 
Net output, 354, 362 
Net Reproduction Rate, 298-300 
weakness of, 299 
Nielsen, A. C., 431 

Non-response in sample survey, 230-233 
Normal Curve, 155-160, 441 
Normal Weekly Hours, Index of, 279 
Null hypothesis, 167-169, 173-175 
Nuptiality table, 313 

Observed frequency, 173-174 
Odham’s Press research unit, 232 
Occupational 
fertility, 262 

mortality, 261-262, 289, 321 

Offences, 

indictable, 264-265 
non-indictable, 265 
Official statistics, 1 3, 342 et seq,. 435 
Ogive (distribution curve), 104-106 
Operations research, 437-439 
Ordinate, 
defined, 73 

Outer control limits, 445-447 
Overcrowding, 253 
definition of, 256-258 
Overseas trade, 383-388 
Oxford Institute of Statistics, 14, 178, 
224, 381 

Paasche Index (current year weighting), 
334-335, 393 
Parameter, 152 
Pearsonian coefficient, 207 
Pearson’s formula for skewness, 1 30 
Percentages, 

in approximation, 141 
averaging of, 146-147 
in block diagram, 70 
in comparing data, 145-148 
in Lorenz curves, 86 
in pie chart, 68 
standard error of, 168, 198 
in tables, 49, 54 


Pictograms, 66-67 

Pictorial representation {see Graphs 
and Diagrams) 

Pie Charts, 67-69 
Pilot survey, 227 

Population {see also Census of Popu- 
lation), 

parameter, 152 

regional distribution of, table, 49 
registration of, 286-293 
Royal Commission on, 180, 283 
sampling of, 181-182, 186 et seq. 
standard, 114-316 
trends, 283, 289, 293, 300 
working, 12, 13 
Postal enquiries, 247-249 

in Census of Distribution, 370 
Poverty, 

Bowley’s study of, 224 
Caradog Jones’ study of, 224 
Rowntree’s study of, 223 
Powers-Samas machine, 450 
Pre-coding in questionnaire, 236, 237, 
452 

Prestige factor, 241 
Price changes, 400 

measurement of, 325-328 
Price indices {see also Import and Ex- 
port, Retail, Wholesale) ♦ 
of basic materials, 400-403 
of commodities, 400-403 
Price level, 324, 400 
Price relatives, 275, 328 et seq. 
Princeton Office of Opinion Research, 
243 

Probability, 1 53, 438 
calculation of, 155-160 
in chi-square, 175 
of marriage, 312 

of selection in multi-stage sampling, 
190 

of survival, 304-310 
Process average, 444 
Product, 

gross national, 378-380 
inspection of, 441 

Product-moment formula for correlation, 

206-207 

Production (see also Census of Pro- 
duction) 

control by charts, 448 
defined, 352 

Index of Industrial, 360-364 
statistical techniques in, 437-440^ 
441-451 

statistics of, 350-364 
Productivity of labour, 355 
Proportion, 

standard error of, 168 
Public opinion poll, 25, 225 
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Punched cards, 35 
systems, 452-458 

Quality Control, 5, 169, 437, 441-451 
advantages of, 449-450 
theory of, 442-445 
Quantity weii^ts, 327, 329, 333 
Quarterly fluctuations, 415-419 
Quartile(s), 

calculation of, 106-108 
deviation, 121-122, 128, 131 
and ske\^ess, 130 
in worked example, 136, 138 
Quasi-random sampling, 180-182 
Questionnaire, 
design of, 19-22, 234-241 
postal, 247-249 
Queuing problems, 438 
Quota sampling. 191-195, 230 
weakness of, 193 

Random sample, 1 64, 165, 1 70, 1 79, 183, 
196 

defined, 177 
weakness of, 230 
Range, 39, 90, 118, 121-122 
characteristics of, 128 
control chart for, 447 
mean sample, 444 
semi-inter-quart ile, 122 
Rank correlation, 217-219 
Rating lists, 181, 189 
Ratios, 

in comparing data, 145-148 
Readership Survey, 

Hiilton, 192, 235,454 
I.P.A., 185, 231, 233, 241 
Registrar-General, 48, 186, 187 192, 

259 et seq,, 300, 302, 315, 317, 319, 
323 

Review of England and Wales, 288, 
313, 316 

Registration of population, 286-293 
Regression, 200-221 
lines of, 201-205 

calculation of, 219-221 
Rehabilitation, industrial, table, 57 
Relative error, 142 
Rents, 

in Retail Price Index, 276 
Reports of surveys, 
examples. 250fn. 

Reproduction rate(s), 296-300 
Gross, 297-298 
Net, 298-300 
Retail audit enquiry, 431 
Retail Prices, loterim Index of, 267-270 
Retail Prices, New Index of, 12, 15, 24, 
149, 234, 267-277, 332-334 
calculation of, 274-277, 339-340 


Retail Sales Indices, 372-373 
Retail trade, 366-376 
Rounding, 140 et seq, 

Rowntree’s *Poverty: A Study In Town 
Ufe% 223 

Royal Commission on Population, 28, 
180, 283 

Royal Statistical Society, 1, 7, 342 
Rural areas in multi-stage sampling, 187 

Sales, 427 

Sample {see also Random Sample) 
bias in, 178, 194, 230, 233 
range. 442 
selection of, 229 
size of, 161, 197-199 
Sample survey, 23fn., 152, 222-250 
and census compared, 222-223 
in Census of Distribution, 369-370 
in Census of Production, 351-352, 
356 

development of, 223-224 
of hire purchase, 374 
stages in, 225-228 
summary of principles, 24^ 
Sampling, 6. 22-26, 177-199 
basis of. 151-164 
bias in. 178, 194 
cluster (area), 195-197 
defined, 177 
distribution, 157, 165 
errors, 177, 184, 190, 198. 370 
frame, 177-179, 365 
importance of, 163 
multi-stage, 185-192 
quota, 191-195, 230 
random {sec also random sample), 
179 

stratified, 182-185 

systematic (quasi-random), 180-182 
units, 178, 195-196 

Saiierb^k Index of Wholesale Prices, 
337-339 
Scale, 

broken, 76 
horizontal, 72-73 
in time series, 75-76 
Scatter diagram, 201 
Seasonal fluctuations, 410-412 
deviation of, 414-416 
indict of, 416-419 
Shops, 366-376 
Securities, 403-404 
Semi-inter-quartile range, 122 
Semi-logarithmic graphs, 79-80 
Series {see also Time Series) 
statistical, 5 
defined, 36 

in Index of Industrial Production, 
360 
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Slims, 404-406 
Sigma, 
large, 101 
small, 127 

Signilictuice {jsee also ConOdence) 
of correlation coefficient, 216-217 
tests, 165-176 

Simple aggregative index, 325-326, 329 
Skewness {jsee also Dispersion) 
coefficient of, 130 
meaning of, 118 
measure of, defined, 121 
measures of, 129-131 
Social Accounting, 382 
Social class, 184, 192, 228, 258-263 
Social raobUity, 259 
Social statistics, 251-281 
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222. 224-225, 230, 234, 242, 244, 
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Sources of statistics, 341-344 
Spearman’s formula for rank correla- 
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Standard4>eviation, 124-128 
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in correlation, 207 et seq. 
formula, 125, 132 
and normal curve, 157 et seq. 
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Standard error, 160-163 

of differences between means, 166 
of differences between proportions, 
168 

of percentage. 198 
of sampling distribution, 165-168 
Standard Industrial Classification, 345. 
346, 349, 356, 364 

Standard International Trade Classi- 
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Standard population, 314-316 
Standard regions, 186-187, 288 
Standardised death rate, 322 

direct method of calculating, 314 
indirect method of calculating. 317 
Standardised Mortality Ratio, 260, 317, 
321-322 

Standardised Rates, 313-321 
Statist, The, 337-339 

Index of Wholesale Prices, 337-339 
Statistical, 
analysis, 10 
data, 2-5, 10 et seq. 
method, 1, 5-6 
sources, 341-344 
Statistician, 
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Statistic^ 
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labour, 277-281, 344-350 
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reliability of, 2, 139-150 
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in Investment Index, 403-405 
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Stratified sampling, 182-185 
Sugar, 

quality control in, 450 
Sugar, quality control in, 450 
Surtax payers, 
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